Practicing phonomimetic (conducting-like) gestures facilitates vocal performance of typically developing children and children with autism: an experimental study by Bingham, Emelyne Marie
Boston University
OpenBU http://open.bu.edu




facilitates vocal performance of
typically developing children and
















PRACTICING PHONOMIMETIC (CONDUCTING-LIKE) GESTURES 
 
FACILITATES VOCAL PERFORMANCE OF TYPICALLY DEVELOPING  
 












EMELYNE MARIE BINGHAM 
 
B.S., Tennessee Technological University, 1983 






Submitted in partial fulfillment of the 
 
requirements for the degree of 
 




















































First Reader   
 John J. Rieser, Ph.D. 
 Professor Emeritus of Psychology and Human Development 





Second Reader   
 Karin S. Hendricks, Ph.D. 
 Associate Professor of Music 





Third Reader   
 Tawnya D. Smith, Ph.D.  





 I dedicate this dissertation to all who helped me pursue a career in music, and 
especially to those teachers, students, and others who continually reach out to the quiet 
kid in the back of the class. 
 I dedicate this dissertation to the late Robert “Dr. Bob” Abramson, former 
musicianship coach at Juilliard. My conversations with him inspired me to think deeply 
about this topic and to reframe music-making as a gestural practice. Watching Bob teach 
left an indelible impression on me, and I’m grateful to have had the opportunity to work 
with him. 
 I dedicate this dissertation to my grandparents, the late Dr. Kenneth Stoecklin and 
the late Marie Stoecklin. I am grateful to have received their never-ending love and 
support. They instilled in me a healthy work ethic and taught me to care deeply about 
those who are less fortunate than me. 
 I dedicate this dissertation to my parents, the late Robert Dale Bingham and the 
late Shirley Stoecklin Bingham. My mother taught me to be tenacious, strong in 
character, and above all, resilient. My father, on the other hand, urged me to embrace 
every opportunity to have fun. I thank them both for navigating a difficult educational 
path for an atypical kid. Had they not followed their instincts I would not be where I am 
today.  
 Finally, I dedicate this dissertation to my amazing partner, M.L. Sandoz, without 
whose love and constant support this achievement would not have been possible. I missed 
many family events and other things that I know were important to her, yet she never 
v
complained. Instead, M.L. and our dogs Noah, Charlie, the late Rudi, and the late Callie, 
(to whom I also dedicate this study) remained constantly by my side as I wrote and edited 
this document. I love you all, and I look forward to catching up on some fun adventure 





 Someone once said it takes a village to complete a dissertation, and this one is no 
exception. I am extremely grateful for the love and support of so many of my friends and 
family, too numerous to name individually. I am also thankful for all those who 
volunteered their time and energy to participate in this study.  
 I would like to recognize several people who helped me design and facilitate this 
work. I would like to thank Sara Ioannou for helping score the assessments and Mark 
Klemencic for his tremendous help in formatting and proofreading the document. I would 
also like to thank Dr. Sara Beck for her creative input for the study design.  
 I am especially grateful to my dear friend, Dr. Dawn Snyder, for our many 
powerful conversations about conceptual frameworks and for her steadfast friendship of 
many years. Your input provided a critical turning point in contextualizing the study, so I 
thank you. 
 To Dr. Blythe Corbett I owe much gratitude for helping me with recruitment and 
teaching me so much about autism. It has been an honor and a privilege to work 
alongside you, and I am ever so thankful for your support.  
 I would especially like to thank my dear friend and research partner, Dr. Aysu 
Erdemir, for her creative input for the study design and help with the analysis. You were 
an invaluable resource for me throughout this process. Most importantly, I had such fun 
working with you. I hope that we have many more opportunities to collaborate in the 
future. 
 I am incredibly grateful for the impeccable guidance I received from my 
vii
dissertation advisor, colleague, and dear friend Dr. John Rieser. John, I wish I could 
quantify how much I’ve learned through this process. This has been a remarkable 
experience for me, and I can’t begin to thank you enough for all your hard work. I am 
grateful for our time spent together brainstorming over bread and cheese in the beginning, 
to near the end, parsing through the document language while masked and remaining 
socially distant in your back yard. I would not have been able to achieve this milestone 
without your support, so thank you. To Dr. Karin Hendricks and Dr. Tawnya Smith, my 
second and third readers, respectively, I remain eternally grateful for your expert 
guidance and input during the final stages of this dissertation. Thank you, Dr. Hendricks, 
for encouraging me to think more broadly about the practical applications of my findings. 
Thank you, Dr. Smith, for encouraging me to push my identity more to the foreground of 
this work than I had initially dared. Having this chance to work with you both, brief 
though it was, has been tremendously rewarding. I’m incredibly grateful for the 
experience.  
 Finally, I would like to thank my partner, M.L. Sandoz, for her unwavering 
support through this journey. M.L., in addition to your assistance as a walking thesaurus, 
grammarian, and proofreader, you handled all of our day-to-day household minutiae so 
that I could prepare for and write this dissertation. You cared for me when I was sick, 
propped me up when I was exhausted, and rejoiced with me when the work was done. 
Maybe now we can take a vacation. I love you. 
 
viii
PRACTICING PHONOMIMETIC (CONDUCTING-LIKE) GESTURES 
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ABSTRACT 
Every music teacher is likely to teach one or more children with autism, given 
that an average of one in 54 persons in the United States receives a diagnosis of Autism 
Spectrum Disorder (ASD). ASD persons often show tremendous interest in music, and 
some even become masterful performers; however, the combination of deficits and 
abilities associated with ASD can pose unique challenges for music teachers. This 
experimental study shows that phonomimetic (conducting-like) gestures can be used to 
teach the expressive qualities of music. Children were asked to watch video recordings of 
conducting-like gestures and produce vocal sounds to match the gestures. The empirical 
findings indicate that motor training can strengthen the visual to vocomotor couplings in 
both populations, suggesting that phonomimetic gesture may be a suitable approach for 
teaching musical expression in inclusive classrooms.
 
ix





TABLE OF CONTENTS ................................................................................................... ix
LIST OF FIGURES ........................................................................................................... xv
CHAPTER ONE .................................................................................................................. 1
Statement of the Problem .................................................................................................... 8
Conceptual Frameworks ...................................................................................................... 9
Specific Aims .................................................................................................................... 13
Purpose of the Study .......................................................................................................... 15
Research Questions ............................................................................................................ 16
Hypotheses ......................................................................................................................... 16
Rationale for the Study ...................................................................................................... 16
Researcher Interest in Music, Movement, and Autism ..................................................... 18
Relevant Concepts, Terms, and Definitions ...................................................................... 23
CHAPTER TWO: REVIEW OF THE LITERATURE ..................................................... 32
Music Education and Disability ........................................................................................ 32
Music Education and Autism ............................................................................................ 36 
Movement, Music, and Autism ..................................................................................... 38
Music Education and Music Therapy ............................................................................ 45
Autism ............................................................................................................................... 47
x
Diagnostic Criteria ......................................................................................................... 49
Autism Prevalence ......................................................................................................... 52
Neurocognitive Theories of ASD .................................................................................. 53
Theory of Mind Deficit .......................................................................................... 53
Weak Central Coherence Theory (WCC) .............................................................. 55
Executive Function ........................................................................................................ 57
Enhanced Perceptual Functioning (EPF) ............................................................... 58
Empathizing/Systemizing Theory (ES) ................................................................. 64
Extreme Male Brain Theory (EMB) ...................................................................... 67
Music and Autism .............................................................................................................. 69
Music and Theoretical Models of Autism ..................................................................... 69
Enhanced Musical Skills in Autism .............................................................................. 74
Absolute Pitch (AP) ............................................................................................... 74
Timbre ................................................................................................................... 76
Preserved Musical Skills and Music Perception in Autism ........................................... 78
Global Preservation ............................................................................................... 78
Syntactic Organization .......................................................................................... 79
Music and Emotion ................................................................................................ 80
Auditory and Motor Synchronization .................................................................... 84
Perceptual Musical Skills Likely Not Preserved in Autism .......................................... 85
Musical Savantism in Autism ........................................................................................ 86
Autism, Talent, and Musical Behaviors ........................................................................ 86
xi
Autism and Talent ................................................................................................. 88
Savant Skills .......................................................................................................... 88
Non-Savant Skills .................................................................................................. 90
Neuroimaging Studies Related to Savant Syndrome ............................................. 91
Practice and Motivation in Autism ........................................................................ 92
Video Modeling and Autism ................................................................................. 93
Sensory/Multisensory Integration, Crossmodal Correspondence, and Autism ............. 97
Sensory/Multisensory Integration .......................................................................... 97
Multisensory Integration in Autism ....................................................................... 98
Crossmodal Correspondence ............................................................................... 100
Embodied Cognition ........................................................................................................ 105
Gesture ......................................................................................................................... 109
Gesture and Autism ..................................................................................................... 112
Autism and Motion Perception ............................................................................ 113
Gesture and Young Children with ASD .............................................................. 113
Gesture, Adolescents, and Adults with ASD. ...................................................... 114
Embodied Cognition and Music .................................................................................. 116
Synchronization and Entrainment ....................................................................... 117
Expressive Gesture .............................................................................................. 119
Effects of Action on Music Perception ................................................................ 120
Mirror Neuron System ......................................................................................... 121
The Mirror Neuron System and Autism .............................................................. 125
xii
Movement and Learning ...................................................................................... 127
Conceptual Frameworks .................................................................................................. 131
Enactive Cognition: An Extension of Embodied Cognition ....................................... 131
Metaphor and Children ........................................................................................ 139
Metaphor and Gesture ......................................................................................... 140
Gesture and Laban Movement Analysis .............................................................. 141
Semiotics ..................................................................................................................... 145
Semiotics and Music-Making .............................................................................. 146
Semiotics and Music Education .......................................................................... 147
Semiotics and Phonomimetic Gesture ................................................................. 148
Neurodiversity ............................................................................................................. 149
CHAPTER THREE: METHOD ...................................................................................... 154
Design .............................................................................................................................. 154
Study One .................................................................................................................... 154
Study Two ................................................................................................................... 154
Subjects ............................................................................................................................ 155
Criteria for Inclusion ................................................................................................... 155
Stimuli ............................................................................................................................. 156
Procedure ......................................................................................................................... 158
Methods of Analysis ........................................................................................................ 163
Study One .................................................................................................................... 164
Study Two ................................................................................................................... 164
xiii
CHAPTER FOUR: RESULTS ........................................................................................ 166
Hypothesis One: Task Performance Competency with Possible Between Group 
Differences ....................................................................................................................... 166
Hypothesis Two: Group Differences in Task Performance Interacting with Condition . 167
CHAPTER FIVE: DISCUSSION ................................................................................... 170
Review of the Perception of the Conducting-like Gestures Task and its Logic .............. 173
Implications for Understanding Autism .......................................................................... 175
Implications for Research in Autism ................................................................... 176
Implications for Research in Autism and Crossmodal Correspondence ............. 177
Implications for Music Learning in TD Children and Children with ASD ..................... 178
Music Learning and Embodied Cognition .................................................................. 178
Music Education and Enactive Cognition ........................................................... 181
Implications for Phonomimetic Gesture as an Inclusive Practice for Music Education . 183
Phonomimetic Gesture as a Musical Practice ............................................................. 184
Phonomimetic Gesture and Universal Design ............................................................. 186
Benefits for Children with Autism .............................................................................. 188
Categorization as Systemization .......................................................................... 189
Nonverbal Mode of Instruction ........................................................................... 189
Extra-musical Benefits ........................................................................................ 190
Limitations of the Study .................................................................................................. 191
Recommendations for Future Research ........................................................................... 192
Replication of the Study in Other Settings .................................................................. 192
xiv
Replication of the Study Using ‘In Vivo’ Modeling ................................................... 192
Replication of the Study with Other Populations ........................................................ 193
Adaptation of the Intervention to a Longitudinal Study .............................................. 193
Generalizability to Instrumental Practices ................................................................... 193
Semiotics, Neurodiversity, and Music Education ........................................................... 194
Conclusion ....................................................................................................................... 198
APPENDIX A: SUBJECT RECRUITMENT FLYER ................................................... 201
APPENDIX B: INFORMED PARENTAL CONSENT FORM: ASD ........................... 202
APPENDIX C: INFORMED PARENTAL CONSENT FORM: TD .............................. 205
APPENDIX D: INFORMED ASSENT DOCUMENT : ASD AGES 8-12 .................... 208
APPENDIX E : INFORMED ASSENT DOCUMENT : TD AGES 8-12 ...................... 209
APPENDIX F : INFORMED ASSENT DOCUMENT : ASD AGES 13-17 .................. 210
APPENDIX G: INFORMED ASSENT DOCUMENT : TD AGES 13-17 ..................... 211







LIST OF FIGURES 
 
Figure 1. Laban’s Eight Effort Elements ......................................................................... 143
Figure 2. Alfred Lang's Semiotic Circle .......................................................................... 147
Figure 3. Still Images of Laban Gestures Taken from Stimuli ........................................ 157
Figure 4. Comparison of Gesture Stimuli ........................................................................ 158
Figure 5. Four Picture Plates from the Stuttering Severity Instrument, 4th Edition ....... 161
Figure 6. Experimental Procedures in Chronological Order ........................................... 162
Figure 7. Categorization Accuracies in Percentages ....................................................... 167
Figure 8. Pretest-Posttest Results by Group and Condition ............................................ 169






The Brain - is wider than the Sky - 
For - put them side by side - 
The one the other will contain 
With ease - and You – beside - 
 
The Brain is deeper than the sea - 
For - hold them - Blue to Blue - 
The one the other will absorb - 
As Sponges - Buckets - do - 
 
The Brain is just the weight of God - 
For - Heft them - Pound for Pound, 
And they will differ - if they do - 
As Syllable from Sound - 
 
Emily Dickinson, ca. 1863 
 
 
Inscribed on the east edifice of Buttrick Hall on the campus of Vanderbilt 
University is the sentence, "The Brain - is wider than the Sky -" This excerpt from Emily 
Dickinson's poem 598 (Franklin, 1998, p. 595) serves as a conspicuous reminder of the 
incredible potential that lies within each one of my students. More saliently, these words 
bring to mind the daunting responsibility I bear as I attempt to support--without 
narrowing--each of those ever-expanding minds. For years, my everyday encounter with 
these words has impacted my philosophical approach to teaching, my intellectual 
curiosity, and my research. Together with the work of music educator Émile Jaques-
Dalcroze and movement theorist Rudolf Laban as introduced to me by the late Juilliard 
musicianship coach Robert M. Abramson, Dickinson and her poetry provide the 
inspiration that serves as the driving force behind this dissertation. 
One might question whether Dickinson considered the possibility that she might 
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be describing her own mind with her words. Her contemporaries criticized her for not 
adhering to conventional poetic forms, calling her work "too queer--rhymes all wrong" 
and otherwise unsuitable for publication (Sewall, 1980). Today, scholars consider her 
poetry to be the work of a genius. Dickinson preferred to follow her literary instincts 
rather than to be bound by the opinions of others. Her defiance of convention, literary 
obsession, and stubbornness are all qualities shared by other writers presumed by modern 
scholars to have Autism Spectrum Disorder (ASD; Brown, 2010). 
Although it is likely impossible to make a posthumous diagnosis of any mental 
condition, the documentation of certain behaviors and personality traits can indicate the 
possibility of such. In the case of Dickinson, there is considerable evidence to suggest 
that she possessed many autistic traits at the very least, if not the disorder itself. 
According to Brown (2010), Dickinson possessed both the impairments and the gifts 
sometimes associated with Asperger's Syndrome, a condition now assumed under the 
umbrella of ASD. She exhibited unusual sensory abnormalities, such as hypersensitivity 
to loud sounds and hyposensitivity to certain odors. She showed social impairments in 
her inability to recognize the intentions and feelings of others. She rarely spoke to people 
outside her immediate family, and her vocal communicative impairments were such that 
if she did, it was often through a closed door (p. 96).   
Dickinson’s intense interests were not limited to poetry. She was equally 
interested in plants and kept an impressive herbarium and flower garden. She loved both 
listening to and performing music, and she played the piano well. Brown (2010) 
suggested that her intense focus allowed for her incredible output of some 1,700 poems 
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— an impressive number for someone who lived only until her fifties. Additionally, 
Brown concluded that her poetry reflects autistic tendencies in four different ways; a 
disregard for the audience, quirky and unconventional use of language, the probing of 
ASD related themes, and the reliance on the use of symbol and metaphor (p. 97). 
Through this ephemera, Brown suggested that Dickinson displayed sufficient evidence of 
atypical sensory responsiveness, social and communication impairment, and restrictive 
and repetitive interests necessary to qualify for a diagnosis of ASD (American Psychiatric 
Association, 2013; Brown, 2010). 
The inscription of poem 598 in Buttrick Hall is not limited to the first verse, nor is 
it limited to the building's façade. The entire work is quoted, bit by bit, throughout the 
whole structure. The last verse, inscribed up high in the south corridor and illuminated by 
the clerestory windows, happens to be my favorite. Moreover, it is the verbal and musical 
metaphor, "And they will differ - if they do - as Syllable from Sound-" that I find most 
intriguing. Although researchers have posited that the ability to understand and utilize 
metaphor is deficient in ASD (Happé, 1995; Norbury, 2005), Brown (2010) contended 
that qualitative input from ASD self-advocates indicates otherwise. Instead, she 
suggested that people on the spectrum likely employ an atypical use of metaphor, which 
may contribute to a unique and distinct use of language commonly found in people on the 
spectrum (p. 106).  
It is difficult to determine what Dickinson meant by the differences in syllable 
and sound. Syllables naturally have meaning associated with language, but what non-
word meanings, if any, do sounds carry when they are independent of language? 
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Furthermore, are sounds that are independent of language perceived differently by people 
on the autism spectrum? Finally, what implications would such differences present in the 
realm of music instruction? Unfortunately, despite a half-century of music education 
research on music and autism, little is known about the perceptual and cognitive 
processes regarding the intersection of both. 
I often wonder while walking through Buttrick Hall what it must have been like 
having Emily Dickinson as a music student, which, of course, brings many questions to 
mind. Most saliently, I wonder if the use of ASD focused, evidence-based practices in her 
music instruction would have prolonged her interest in playing the piano and in attending 
singing schools at her Amherst, Massachusetts church. Most importantly, I wonder what 
lessons we can learn from the weights of God of individuals with ASD that might also 
benefit others.   
The United States Congress first passed legislation regarding the educational 
rights of students with disabilities in 1975. It was another two years, however, before 
students with disabilities (SWD) first had access to public schools. Starting in 1978, 
SWD finally began being placed in public school classrooms alongside their non-disabled 
peers. Many teachers, not having received specialized training for teaching under this 
model, scrambled to learn how to best adjust to this change. Music teachers, of course, 
were no exception. The music education research community responded quickly to assess 
the effects of the new rulings on public school music classrooms. 
Music education researchers immediately began researching the attitudes and 
perceptions of music teachers regarding the inclusion of students with disabilities in their 
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music classrooms (Shehan, 1977). However, the majority of these studies involved small 
sample sizes, were limited to relatively small geographical areas, and therefore are 
reduced to low generalizability. According to Jones (2015), with each new permutation of 
the Individuals with Disabilities Education Act (IDEA) came a resurgence of teacher 
attitude and perception studies; she found that they had mostly the same outcome—an 
overall perception that teachers lack adequate classroom support and that they possess 
insufficient preparation to teach students with disabilities. To date, attitudinal studies 
continue to make up the majority of disability studies within music education, of which 
only two included students with disabilities themselves. Additionally, there is a dearth of 
empirical studies examining the efficacy of instructional methods with students with 
disabilities (Jones, 2015).  
 The National Association for Music Education (NAfME) has echoed EAHCA's 
support of music education for students with disabilities through two of its Position 
Statements. First, the National Association for Music Education (2017a) issued a Position 
Statement on Inclusivity and Diversity in Music Education, in which it asserts that all 
students should be able to participate in music-making in their schools regardless of their 
"race, ethnicity, disability, economic statures, religious background, sexual orientation 
and identity, socioeconomic status, academic standing, exceptionalities, or musical 
abilities" (para. 2). Second, their Equity and Access in Music Education Position 
Statement (National Association for Music Education, 2017b) states: 
All students deserve access to, and equity in, the delivery of music education, one 
of the subjects deemed necessary in federal law for a well-rounded education, 
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which is at the heart of NAfME’s stated mission: to advance music education by 
promoting the understanding and making of music by all. (para. 3) 
While accessibility, as mandated by federal law, seems reasonably straightforward, what 
remains less clear for us is the meaning of equity in the delivery of music education. Of 
particular concern are the cases involving students whose disabilities lie, at least in part, 
in the realm of cognition and social understanding. 
 According to the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; 
DSM-5; American Psychiatric Association, 2013), ASD is marked by impairments in 
social communication and social interaction that are evident in multiple contexts. These 
deficits include social reciprocity, nonverbal communicative behaviors typically found in 
social interaction, and the skills necessary to understand, develop, and maintain personal 
relationships. In addition to these impairments in social functioning, persons with ASD 
also demonstrate restricted interests and repetitive patterns of behavior. These repetitive 
behaviors occur in gross or small motor movements, speech, and object use. 
 Researchers now estimate that one in 54 persons receives a diagnosis of autism in 
the United States and that males are four times more likely than females to be diagnosed 
with ASD (Centers for Disease Control and Prevention [CDC], 2020). Additionally, 
epidemiological data indicate an autism prevalence of 1 in 160 persons worldwide, and 
the rate of global occurrence continues to rise. As a result, the probability of teachers 
encountering students with ASD in their classrooms is likely to increase (Hammel & 
Hourigan, 2013). 
  Over the past century, practitioners have widely accepted movement-based 
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approaches to music education (Lewis, 1998). In particular, a method by the Swiss music 
educator Émile Jaques-Dalcroze features techniques that capitalize on body movements 
that are part of most everyone's repertoire, to capitalize on what a student already knows. 
Additional features of Jaques-Dalcroze's techniques include a built-in capability for 
multi-level instruction (i.e., meeting a student where they are, no matter where) and for 
non-verbal instruction (Chosky et al., 2000; Kivijärvi et al., 2017). Gesture is an essential 
component of Jaques-Dalcroze's techniques as it helps relay information about the use of 
time, space, and energy in any musical moment, regardless of genre and style (Chosky et 
al., 2000). 
 Jaques-Dalcroze’s emphasis on a student’s existing repertoire of movement is 
reinforced by recent research from the cognitive and cognitive-neural sciences (Kivijärvi 
et al., 2017; Lewis, 1998). Enactive Cognition, an extension of Embodied Cognition, is 
founded on the principle that the mind and body are inseparable elements of one 
cognitive system, and that bodily sensations, including movement, contribute to an 
organism’s knowledge acquisition (van der Schyff, 2019; van der Schyff et al., 2016; van 
der Schyff, 2017). Researchers studying the mirror neuron system (MNS) have suggested 
that the MNS is at least partly involved in connecting what we perceive in one modality 
to an analogous representation in another, such as how pitch, intensity, timbre, and 
duration can be reflected in a single gesture through the process of crossmodal 
correspondence (Erdemir, 2016; Erdemir, Bingham, et al., 2012; Erdemir, Erdemir, et al., 
2012). Crossmodal processing is a core component of active musical engagement. 
 Through this study, I have sought to discover how typically developing (TD) 
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children and children with autism perceive nonverbal representations of music through 
gesture. Additionally, I sought to determine if differences exist in perception through 
practicing conducting-like actions. My intent was to probe the possible benefits to 
perception and vocal production for children in both groups. The resulting objective is to 
determine whether or not gesture might be a suitable foundational approach to music 
instruction in a classroom where students exhibit a wide array of cognitive and verbal 
abilities. 
Statement of the Problem 
 From the first writings about autism, researchers have noted enhanced musical 
interest and skills in persons with autism (Kanner, 1943). These skills include same-
different melodic judgment, the detection of changes in melodic contour, superior pitch 
processing, and the ability to instantly replicate newly heard music (Happé & Frith, 2010; 
Happé & Vital, 2010). The fact that these atypical skills can sometimes co-exist 
alongside the core deficits used as ASD diagnostic criteria suggests a cognitive style that 
is unique to autism (Happé & Frith, 2010). This combination of deficits and abilities, 
however, poses unique challenges for music teachers attempting to modify instructional 
approaches and accommodate the needs of their ASD students (Hammel & Hourigan, 
2013). I suggest that a better understanding of the common underlying neural 
mechanisms in autism is needed to inform future evidence-based practices that may apply 
to any child with ASD.  
 Outside of studies investigating perceptions and attitudes of classroom teachers 
when teaching children with disabilities, scant music-education-specific cognition 
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research exists regarding specific instructional strategies for students with autism 
combined with approaches that might work for everyone in an included classroom (Jones, 
2015). Should the rates of autism diagnoses continue to rise as they have incrementally 
since the CDC surveillance began in the year 2000, the challenges involved in teaching 
students with autism in included classrooms are likely to increase. 
Conceptual Frameworks 
 This study concerns learning and performing expressive qualities of music by 
typically developing children and children with autism through the use of gesture. 
Because this study brings together three areas of research (Music Education, Cognition, 
and Autism), I found it helpful to pull from three different conceptual frameworks to 
provide a foundation for this study. Additionally, a philosophical underpinning of the 
Universal Design for Learning lends additional support in providing a context for and an 
application of the findings.  
 Neurodiversity serves as the overarching conceptual framework for this study. It 
is a construct, a social movement, and a topic of intense scientific interest. Neurodiversity 
is autism’s stake in The Social Model of Disability, a critical framework introduced by 
Mike Oliver (1983, 2013) over 30 years ago. Like proponents of the social model who 
view disability as just a normal human variation, proponents of Neurodiversity claim 
autism and other neurocognitive variants as ontological differences rather than deficits. 
Silberman (2015) wrote that these differences “should be regarded as naturally occurring 
cognitive variations with distinctive strengths that have contributed to the evolution of 
technology and culture rather than mere checklists of deficits and dysfunctions” (p. 16). 
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Neurodiversity advocates reject the pathologizing of autism found so often in the 
medical, cognitive, and educational communities and instead, reframe autism as a culture. 
This reframing of autism provides a pathway for Neurodiversity to become a social 
movement. In congruence with The Social Model, advocates of the neurodiversity 
movement challenge societal barriers that hinder full assimilation and acceptance of 
neurodivergents into the dominant culture.   
 In addition to the societal barriers that impede the full inclusion and acceptance of 
neurodivergents, the language found in the autism research literature is also troublesome. 
Terms such as high- and low-functioning create the illusion of a dichotomy complete 
with hierarchies valued by the dominant culture. Further, labels such as disorder alienate 
and separate neurodivergents from the prevailing culture, thereby violating the actual 
reframing as advocated in The Social Model. 
 As someone diagnosed as “a person with high-functioning autism,” I reject the 
diagnosis language for two reasons. First, the use of person-first language separates 
autism from the person, which is impossible. Autism is a life-long, not temporary, 
neurodevelopmental condition. Autism defines my interactions with the world and how I 
understand them. It is responsible for all of my gifts and my challenges, which I consider 
features of my autism. Autism is an integral and inextricable part of my identity. Most 
importantly, autism provides the lens through which I view the world. Therefore, when 
referring to myself, I use the identity-first form of autistic person.  
 Second, I also reject the concept of a spectrum as part of the autism label. The 
word spectrum implies a gradual, two-dimensional scale between two opposing extremes. 
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The use of this word in conjunction with an autism diagnosis is insufficient in that the 
end-points of the scale for autism are undefined. Furthermore, using a two-dimensional 
scale does not account for individual differences. Instead, I propose a three-dimensional, 
non-hierarchical constellation model. In this model, features of autism are arranged to 
form a constellation that is unique to each individual. A constellation model depicts not 
only the features themselves but the intersections formed between them. These features 
may or may not be aligned with the values set forth by sociocultural norms. In this way, 
we can reframe severity as alignment in removing the problematic function-scale under 
the current label of spectrum. 
 Although I long to deconstruct and replace any existing research language that 
fosters exclusivity, I believe that such a critique lies outside of the scope of this 
dissertation. I will reserve a critique of autism research language and its impact on 
autistic persons for future endeavors. This dissertation contains terms that many people 
may find problematic. I felt that it was necessary to retain these terms to understand and 
contextualize the dissertation within the existing literature. Additionally, I felt that 
consistency within the paper would avoid confusing the reader. Most importantly, my use 
of this language throughout this dissertation in no way indicates my acceptance or 
endorsement of the inappropriate and parlous language that permeates the autism 
research literature. 
 While Neurodiversity serves as the overarching conceptual framework for the 
study, there are two additional conceptual frameworks that serve as principal conceptual 
frameworks. First, I chose semiotics, the study of signs and meaning, for two reasons. 
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First, gestures are capable of conveying meaning in multiple contexts, and situating 
musical gesture in the study of signs and meaning seemed logical. Second, because signs 
and their respective meanings frequently change over time, semiotics also provides a 
mechanism by which to examine the individual and cultural forces that contribute to such 
changes. For example, Alfred Lang’s (1993b) Semiotic Circle is a useful means to study 
the four-way relationship between the input of cultural expression and output of verbal, 
musical, and gestural personal expression, juxtaposed against personal and cultural 
interpretation.  
 Next, I chose to use an extension of Embodied Cognition called Enactive 
Cognition to serve as a second principal conceptual framework because the study 
involved the use of gestures deemed to be relevant in the movement repertoire of all 
individuals. Additionally, Enactive Cognition has recently been applied to music 
education by Dylan van der Schyff (2015a, 2015b, 2017, 2019) and van der Schyff et al. 
(2016) and endorsed by Elliott and Silverman (2015). 
 Finally, I chose the Universal Design for Learning as a philosophical 
underpinning to provide both context and a possible application for the results. The 
Universal Design for Learning is an adaptation of the principles of Universal Design 
applied to teaching and learning. Originally philosophized in the field of architecture, the 
fundamental notion behind Universal Design is that people benefit when common spaces 
can be used by anyone regardless of their limitations or situation. For instance, wide 
doorways can equally accommodate someone in a wheelchair, someone maneuvering a 
large object, as well as someone who needs no assistance. In the same way, proponents of 
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Universal Design as applied to learning posit that all students benefit from instructional 
methods designed to be accessible to all students regardless of cognitive ability 
(Alsalamah, 2017).  
Specific Aims 
In this study, I investigated whether or not typically developing children and 
children with autism could perceive gesture in a musical way. Second, I examined 
perceptual differences between typically developing children and children with autism. 
Third, because music education practitioners sometimes use a gestural approach, I 
explored whether or not motor training influenced children's musical perceptions of 
gesture. Ultimately, the study objective is to provide foundational information regarding 
musical gesture as an alternative to verbal instruction when teaching musical expression 
to children with and without autism. 
The task used in the present study was devised by Erdemir, Bingham, et al. (2012) 
for use with adults without any particular level of background in music. My colleagues 
and I used it to explore correspondences formed when the adults responded vocally 
(vocomotorically) to a visual stimulus. In this case, the vocal responses involved 
utterances of a nonsense syllable (/dah/) mapped onto the visual features of four different 
musical gestures, each adapted from the eight gestural categories put forth by Rudolf 
Laban.  
The present study replicated and extended my earlier work (Erdemir, Bingham, et 
al., 2012) to children with ASD and to typically developing children. The second 
experiment in the present study consisted of an original training method to probe for the 
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possible generalization of practicing conducting-like gestures to perception and 
vocomotor performance. Because music is a unique, multi-modal stimulus that involves 
simultaneous processing of visual, auditory, somatosensory, and motoric information, my 
colleagues and I designed our study task incorporating Laban Gestures as a visual to 
vocomotor auditory mapping task with auditory system engagement. Our task involved 
listening to self-produced sounds and thus actively engaged the crossmodal pathways 
among the visual and auditory systems with the motor system.  
In the present study, typically developing children and children with autism 
watched video recordings of a professional conductor's arm, hand, and chest as the 
conductor performed a series of gestures. As the children watched, they were asked to 
utter the syllable /dah/ in a way they thought best matched the gesture. An expert panel of 
reviewers listened to recordings of the subjects’ blinded and randomized /dah/ responses 
to see if they could identify which of the four Laban gestures each subject was watching 
at the time of the response. The audio recordings of the responses were randomized 
across the four gestures and across the subject groups. 
I used gestures designed from the Laban categorical rubric because they tend to 
represent naturally occurring human movements. These gestures likely serve as 
meaningful and natural stimuli, which other researchers have thought to be beneficial for 
successful audio-visual integration in individuals with ASD (Grossman et al., 2009). 
Children observed the gestural stimuli presented through video recordings for the 
purposes of consistency, but also because researchers have shown the use of video 
recordings to be a useful and helpful practice for children with autism (Corbett, 2003; 
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Corbett & Abdullah, 2005).  
In my earlier work, my colleagues and I used Praat speech processing software 
designed by Boersma and Weenink (2014) to analyze acoustic profiles of the responses to 
the same stimuli (Erdemir, Bingham, et al., 2012). Additionally, we used a Vicon motion-
capture system to analyze point-light displays of the conductor's movements to determine 
the parameters of space, velocity, and acceleration used in each gesture type (Erdemir, 
Erdemir, et al., 2012). By comparing both analyses, we found that the participants (1) 
matched the duration of their /dah/ responses to the duration of the gesture, (2) altered the 
mean intensity to align with the mean/initial velocity of the gesture, (3) modified their 
intensity variation to match the velocity variation of the gesture, (4) aligned the 
fundamental frequency with the y-axis elevation in gestures where changes along the y-
axis occurred, and (5) varied the pitch in accordance with the vertical displacement and 
velocity of the gestures (Erdemir, Bingham, et al., 2012; Erdemir, Erdemir, et al., 2012). 
We employed a perceptual categorization method using expert raters alongside these 
analyses of acoustical features and found similar results. In other words, rater perceptions 
of subject responses presented solely by aural information were consistent with the 
spectral analyses of sound-envelopes. 
Purpose of the Study 
 The purpose of the two experiments in this study is to discover how typically 




Do typically developing children and children with ASD systematically alter their 
vocal responses when responding to visual stimuli of phonomimetic (musical) 
gesture? And if so, are there differences between the two populations?
Does motor training of phonomimetic (musical) gesture in typically developing 
children and children with ASD affect how they respond vocally to visual stimuli 
of the same phonomimetic gestures?
Hypotheses 
Both typically developing children and children with ASD will systematically 
alter their vocal responses when responding to visual stimuli of phonomimetic 
(musical) gesture. 
Children with ASD will alter their vocal responses to these natural stimuli and 
will achieve the same level of vocomotor/visual crossmodal coupling as their 
typically developing peers.
Motor training in both populations will increase the amount of variation in their 
responses and improve the fit of their vocal responses to phonomimetic (musical) 
gestures.
Rationale for the Study 
 "Children with autism, like typical children, need to be taught. The time, 
therefore, seems ripe to focus attention on how best this might be achieved" (Heaton, 
2009, p. 1446). Persons with ASD are capable of and sometimes demonstrate remarkable 
abilities (Heaton & Wallace, 2004; Heaton, Williams, et al., 2008; Lense & Dykens, 
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2011). These abilities often consist of musical skills, including absolute pitch and the 
ability to instantly replicate newly heard music (Bonnel, 2003; Happé & Vital, 2009; 
Heaton, Williams, et al., 2008). 
 This study replicated and extended a study by Erdemir (2016), which investigated 
visual to vocomotor crossmodal mapping in adults without significant music 
backgrounds. Because music is a unique, multi-modal stimulus that involves 
simultaneous processing of visual, auditory, somatosensory, and motoric information, the 
study task involved conducting-like (phonomimetic) gestures and was designed as a 
visual to vocomotor auditory mapping task with auditory system engagement. The task 
actively engaged the crossmodal pathways among the visual and auditory systems with 
the motor system. Additionally, the task involves the use of meaningful and natural 
stimuli, which has shown to be beneficial for successful audio-visual integration in 
individuals with ASD. Erdemir (2016) found that the participants altered the duration, 
intensity, fundamental frequency, and pitch of their responses according to the duration, 
velocity, and vertical displacement of the gestures. Erdemir (2016) also discovered that 
these correlations became stronger when the participants learned to perform the gestures 
themselves.  
  I intended to investigate the same visual-to-vocomotor crossmodal 
correspondences in typically developing children and children with autism, all without 
significant musical training. Furthermore, I hoped to learn whether or not these 
correlations became more robust when the participants themselves produced the gestures. 
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Researcher Interest in Music, Movement, and Autism 
 Some years ago, just after my mother passed away, I was going about the 
unpleasant task of cleaning out her house when I found an unmarked box tucked back 
under the eaves. Upon opening the box, I was surprised to find that it was filled with 
papers—letters from doctors and teachers, handwritten notes my mom had taken during 
conversations with school administrators—and the like. Little did I know how much 
finding that simple box would change my life. Through its contents, I received a formal 
diagnosis of autism.  
  I was born in 1960 to lower-middle-class parents in Joplin, Missouri, where my 
father was an engineer at a local battery manufacturer, and my stay-at-home mother 
served as my caregiver. My earliest childhood memories of my mom practicing the piano 
for hours and hours each day. I loved hearing her play, but I loved moving to her playing 
even more. As she played, I danced, marched, swayed, leaped, and flew about the house 
with the music. Life was perfect, I thought, until I went to a place called school.  
 School was terrifyingly chaotic and stifling. The myriad of sounds, smells, 
activity, and people sent my anxiety through the roof. To make matters worse, school 
administrators kept moving me from classroom to classroom and from teacher to teacher. 
In my first year of school in Chicago at the age of five, I spent time in classes ranging 
from "lower kindergarten" to "advanced third grade.” According to my mom’s notes, it 
seems that some of my teachers thought I was a “genius,” while others thought I was 
“retarded.” Other things I learned from the box was that I was potty-trained at 11 months, 
learned to read by the age of three, and played, by ear, excerpts of the Beethoven sonatas 
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I’d heard my mom practice at home. I also learned that I had an IQ that was “off the 
charts,” was obsessed with cats and Volkswagens, and had no friends. I failed to reach 
some of the developmental, physical benchmarks. I wouldn't interact socially with 
anyone outside my parents and had long periods where I didn't speak—a symptom I now 
recognize as "selective mutism"—something I still struggle with today. 
 I grew up in a rural country in Tennessee that was so economically disadvantaged 
that some of my classmates didn't have running water in their homes. My K-8 school 
didn't offer any resources for special-education students or any music education until 
students reached the sixth grade. As a young child, I spent all my musical energy (and 
movement) listening to recordings of all nine Beethoven symphonies performed by the 
NBC Symphony with Arturo Toscanini. I quickly memorized all the movements of all 
nine symphonies, and my obsession shifted from Volkswagens to the scherzo-trio of the 
fifth. I wasn’t sure what that magical, low pitched instrument was that I loved so much, 
but I knew I wanted to learn how to play it. Later I found out that if I wiggled the rabbit 
ears on the old black and white TV just right, I could watch the local PBS broadcast of 
“Evening at Pops” with Arthur Fiedler and the Boston Pops. And since I unknowingly 
had absolute pitch, I could tell how the bass was tuned and how the fingering system 
worked. In my mind, I played the bass; however, it wasn’t until I was a sophomore in 
engineering school some ten years later that I had the opportunity to learn how. Five 
months after following my first lesson, I won my first orchestra job as a section bassist in 
a nearby regional orchestra.  
20
 As I began my music studies in college, I began to feel stifled. The joy of music I 
had known through movement was nonexistent. Even throughout graduate school, I felt 
as though learning music was an artificial process in which my body had become 
compartmentalized away from my analytic mind. Most importantly, I felt as though my 
body had become separated from my musical self. Even as a bassist in and later an 
assistant conductor of an ICSOM orchestra, I felt disconnected from my musical 
expression and eventually from the joy of making music altogether. As I remembered the 
joy I felt by moving freely to my mother’s piano practicing, I wondered how I had gotten 
to the musically apathetic place I’d found myself as a professional. 
 In 2007, as an attempt to learn more about teaching musical expression to my 
conducting students, I began studying Dalcroze Eurhythmics with Robert Abramson at 
Juilliard. Bob introduced me to the concept of phonomimetic gesture, or gesture that 
looks like sounds sound (R.M. Abramson, personal communication, July 24, 2007). Bob 
felt as though he had been quite successful in teaching musical expression through 
phonomimetic gesture to students of all ages. Bob’s experience resonated with what I had 
found to be a remarkable phenomenon in my professional life. During my 18 years of 
sitting in the back of the orchestra watching conductors, it always fascinated me to watch 
how various conductors conducting the same piece of music could get such drastically 
different results. As a conductor myself working with international orchestras where we 
shared no common language, I noticed that I could effect significant change with the 
slightest adjustment in gesture—without any verbal instruction. Bob demonstrated to me 
how phonomimetic gesture, presented with a companion lexicon by Rudolf Laban based 
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on the students’ everyday movements, could equally effect significant change in their 
ability to access their musical expressivity. More importantly, it was fun. I finally began 
to realize what had been missing in my music-making—the connection between my body 
and my musical self. It was then that I realized that my first instrument was my body. 
 I found myself wondering if the perception and understanding of phonomimetic 
gesture were universal and, if so, for whom. I also found myself wishing that I had had 
the opportunity to learn music outside the boundaries of typical classroom instruction. 
Furthermore, based on my own experience of difficulties with verbal expression, I began 
to consider the possibilities of using gesture as a vehicle for music instruction for non-
verbal or otherwise linguistically challenged students. Finally, I pondered what 
alternatives might be available for classroom music instruction, as the tradition-based 
approach had been a disastrous one for me.  
 My first public school music experience was one of heartbreak. The music 
offerings in my economically disadvantaged rural school were nonexistent except for 
sixth-grade band. Since orchestra (and therefore, the bass) wasn’t an option, I joined the 
band in the hopes of learning to play the horn. No matter how hard I tried, however, I just 
couldn't play what my teacher asked of me. It wasn’t until college that I learned that the 
horn was a transposing instrument. I possessed absolute pitch but didn’t know it, and my 
band director didn’t think to consider that my aural representation might be the problem. 
I was attempting to produce the pitches I heard on the page—an impossibility using the 
fingerings he had given me. Finally, I quit out of sheer frustration because I thought I 
didn’t have enough innate ability—a position my band director echoed loudly and 
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clearly. I wonder how many other differently-abled students became lost in the shuffle 
simply because of a teacher's naivety regarding instructional methods for included 
classrooms.  
 I hold biases because of my learning history, my work history, and my own 
experiences with autism. My own public-school music education was spotty and 
challenging. There were so few outside resources for music education in our rural 
community that my formal music training didn’t begin until college. Knowing that my 
subject pool would likewise include students from districts with varied curricular 
offerings in music, I attempted to design a study task that would be accessible and natural 
for almost anyone, regardless of age, mental ability, or musical experience. I tested the 
task instructions on several children with and without autism and sought their feedback to 
ensure that the instructions were direct and straightforward.  
 Second, I have spent the majority of my career teaching at a research-one 
university currently ranked 14th in the nation. My work environment is such that I am 
used to interacting and communicating with undergraduates possessing above-average 
intelligence and extremely high verbal ability. I made every effort to make sure my 
language use was simple, clear, and age-appropriate. In addition to my teaching, my work 
as a professional conductor involves the regular use of phonomimetic gesture. I included 
a rater with 14 years of piano study but without conducting experience to mitigate any 
influence that experience might bring to the study. And finally, as an autistic individual 
with a highly-aligned constellation of features, I took great care not to speak on behalf of 
other autistic individuals or to make assumptions about what other autistic individuals 
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can and cannot achieve, musically or otherwise.  
Relevant Concepts, Terms, and Definitions 
Absolute Pitch (AP) 
 Absolute Pitch, or Perfect Pitch, is a human behavioral trait in which a person can 
instantaneously and correctly identify a musical pitch without first hearing a reference 
tone. Researchers believe that both genetic and environmental factors play a role in AP 
acquisition. Early music training seems to be a necessary factor, but it alone is not a 
sufficient requirement for a person to acquire AP (Baharloo et al., 1998). Estimates of the 
number of AP possessors in the general population range from one in 1,500 to one in 
10,000 (Schellenberg & Trehub, 2008). Lense and Dykens (2011) speculated that the rate 
of occurrence in individuals with ASD is higher than that of the general population due to 
atypical perceptual processing associated with ASD. If this is indeed the case, then neural 
processing must also be considered to be a contributing factor toward AP possession.  
Amodal Stimulus 
 An amodal stimulus is an event or object that is identifiable by more than one 
sensory modality (Spence, 2011). An apple is an example of an amodal stimulus, in that it 
may one can identify it by its flavor, odor, texture, or the sound produced while being 
consumed, as well as by how it looks or feels. 
Asperger Syndrome (Asperger’s Disorder) 
 University of Vienna pediatrician Hans Asperger published an article in 1944 
about children in his clinic who shared many similarities with the children in Leo 
Kanner’s (1943) clinic. Unlike Kanner, however, Asperger seemed to be more interested 
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in his patients’ abilities than their deficits. Asperger Syndrome or Asperger’s Disorder 
was a particular sub-classification of autism marked by the same diagnostic criteria as 
Autistic Disorder but without the usual language or cognitive impairments associated 
with that diagnosis. With the release of the DSM-5 in 2013 (American Psychiatric 
Association, 2013), Asperger Syndrome/Asperger’s Disorder ceased to be a standalone 
diagnosis. It was instead placed under the broad, catchall category of ASD (Barahona-
Correa & Filipe, 2016). 
Autism 
 Miriam-Webster’s dictionary defines the Greek prefix “aut” to mean “self” (Aut-, 
2020). The Austrian-American psychiatrist Leo Kanner first coined the term autism in 
1943 when describing a group of children he believed suffered from an extreme case of 
loneliness. Originally thought to be a form of childhood schizophrenia, autism was once 
considered to be purely a psychiatric disorder and independent of cognition. By 1979, 
researchers abandoned these beliefs about the nature of autism and replaced them with 
the notion that autism is instead a developmental condition. The 1987 revision of the 
DSM-3 (American Psychiatric Association, 1987) recognized the vast array of gifts and 
deficits found in people diagnosed with autism, paving the way for the change of the 
diagnosis as ASD in the DSM-4 (American Psychiatric Association, 1994), released in 
1994 (Wolff, 2004).  
Autism Spectrum Disorder (ASD)  
 ASD is a developmental disability marked by impairments in reciprocal social 
engagement, deficits in communication, and repetitive behaviors or restricted interests. 
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Authors of the DSM-4 (American Psychiatric Association, 1994) recognized autism as a 
collection of conditions rather than a single disorder, and therefore listed Autistic 
Disorder, Asperger’s Disorder, Pervasive Developmental Disability, Not Otherwise 
Specified (PDD-NOS), Rett’s Disorder, and Childhood Disintegrative Disorder all under 
the umbrella of ASD. Partly for reasons of insurance coding and partly for eligibility and 
integration of services, authors of the DSM-4 (American Psychiatric Association, 1994) 
abandoned the various sub-diagnoses of autism in 1913. The DSM-5 (American 
Psychiatric Association, 2013) conflated the previous sub-types into one set of diagnostic 
criteria for ASD.  
Cognition 
 Cognition refers to the mental action or process of acquiring knowledge and 
understanding through thought, experience, and the senses (Cognition, 2020). The first 
evidence-based studies in learning and cognition began with early behaviorists who 
believed that children were born into the world as blank slates. They believed that 
learning took place through operant conditioning as children gained experience while 
adapting to their surrounding environments. Cognitive theorists, on the other hand, 
believed that behaviorism was too narrow in scope, and instead focused on the computer-
like systems and processes of learning. Finally, advances in technology paved the way for 
studying the brain on a much deeper level. This neurobiological perspective will likely 





Directing a performing group—orchestra, chorus, opera—in order to bring about 
complete coordination of all the players and singers. Its basic aspect is beating 
time, i.e., the clear indication of the metric pulse by the conductor’s right hand, 
often with the help of a baton. (Apel, 1982, p. 196) 
Crossmodal Correspondence/Crossmodal Interactions 
 Schmiedchen et al. (2012) define crossmodal interactions as “the influence of one 
modality on signal processing in another modality.” The McGurk Effect is an example of 
crossmodal correspondence resulting in multisensory integration. McGurk and 
MacDonald (1976) studied the perceptions of people as they watched videos of a person 
speaking a syllable while they heard auditory representations of a different syllable. The 
result was often a syllable that was a fusion of both stimuli. The McGurk Effect shows the 
influence of one modality over the other (Crossmodal Correspondence) to produce a 
third percept (multisensory integration) (Quinto et al., 2010). 
Enhanced Perceptual Functioning (EPF) 
 Offered as an alternative to the Weak Central Coherence Theory of Autism, EPF 
“proposes that superior function and increased independence of auditory and visual 
perceptual processes are responsible for the distinct pattern of cognitive, behavioral, and 
neural performance observed in autism. The EPF model emphasizes the primacy of 
perceptual processes, rather than social or higher-order cognitive processes, in giving rise 
to the autistic phenotype” (Mukerji et al., 2013). Unlike the WCC theory, which favors a 
low-level cognitive processing bias, central to the EPF theory is the notion of a low-level 
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perceptual processing bias in ASD.  
Executive Function (EF) Theory 
 Executive function is defined as “the ability to maintain an appropriate problem-
solving set for attainment of a future goal; it includes behaviors such as planning, impulse 
control, inhibition of prepotent but irrelevant responses, set maintenance, organized 
search, and flexibility of thought and action” (Ozonoff et al., 1991, p. 1083). EF Theory 
originated from researchers who noted that certain symptoms of ASD mirrored those 
associated with some types of brain injury and that these symptoms could not be 
explained under the TOM hypothesis. Furthermore, not all persons with ASD exhibit 
problems with executive functioning, and executive functioning difficulties are not 
unique to autism (Rajendran & Mitchell, 2007). 
Gesture 
 The Oxford English dictionary defines gesture as “A movement of part of the 
body, especially a hand or the head, to express an idea or meaning” (Gesture, 2020). 
Empathizing/Systemizing (ES) or Hyper-Systemizing Theory 
 Researcher Simon Baron-Cohen (2008) posits that the neural mechanisms 
involved in systemizing are overly active in persons with ASD, which may explain the 
ASD symptoms of desire for sameness, restricted interests, and repetitive behaviors. 
Additionally, he suggested hyper-systemizing may account for the social disability 
associated with autism as social systems are highly variable. 
Inclusion/Inclusive Education 
 UNESCO defines Inclusive Education as "Inclusion is thus seen as a process of 
28
addressing and responding to the diversity of needs of all children, youth and adults 
through increasing participation in learning, cultures, and communities, and reducing and 
eliminating exclusion within and from education. It involves changes and modifications 
in content, approaches, structures, and strategies, with a shared vision that covers all 
children of the appropriate age range and a conviction that it is the responsibility of the 
regular system to educate all children (UNESCO, 2009).  
Individuals with Disabilities Education Act (IDEA) 
 A federal statute ensuring that all children with disabilities receive a free and 
appropriate education. Among IDEA’s six principles are the creation of an Individualized 
Education Plan (IEP), the provision of a least restricted environment, and the mandate 
that the input of both the child and the parents must be considered in the education 
process. Ultimately, IDEA assures that all children receive an education that prepares 
them for independent living through further studies and employment ("Individuals with 
Disabilities Education Act," 2006a).  
Multisensory Integration (MI) 
 Another type of abnormal sensory processing in ASD involves impairment in 
Multisensory Integration, or the “ability to integrate multisensory information into a 
unified percept” (Stevenson et al., 2014). Researchers posit that these individuals may 
have trouble perceiving the temporal relationships between multiple sensory inputs 
(bimodal streams), which may negatively impact everyday events such as speech 
perception (Stevenson et al., 2014). 
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Neurodiversity, Neurodivergence, Neurotypical 
 Neurodiversity is an identity-driven political movement built on the belief that 
neurological differences are a natural human variant on par with race, gender, sexuality, 
and the like. It is this difference versus deficit model that drives the agent of change in the 
neurodiversity movement—the notion that persons with autism often possess wonderful 
gifts, and that people with autism need to be embraced rather than cured. While the 
impetus behind the movement began in the autism self-advocacy culture, others with 
neurological and cognitive differences also identify as neurodivergent. A common tenet 
of the movement is that, like racism, sexism, ableism, ageism, and other social justice 
issues, there exist inherent unequal power structures in society created by and that benefit 
neurotypical (typically developing or developed) persons. 
Phonomimesis 
 Literally phono- (Greek, “sound or voice”) and mimesis (Greek, “imitation”), 
phonomimesis is used in the Dalcroze tradition to mean gesture that “looks the way sound 
sounds.” (R.M. Abramson, personal communication, July 24, 2007; Phono-, 2020; 
Mimesis, 2020). 
Savant Syndrome 
 Coined initially "idiot-savant" in the late 19th century, Savant Syndrome refers to a 
unique group of intellectually impaired individuals who also possess remarkable abilities. 
Considered to be a subset of ASD, roughly 10% of individuals with ASD are believed to 
also have Savant Syndrome (DePape et al., 2012). Exceptional musical skills are believed 
to be the most common manifestation of Savant Syndrome (Lense & Dykens, 2011). 
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Sensory Processing 
 Researchers believe that both children and adults with ASD process sensory 
information differently than typical persons, and as a result, often have atypical responses 
to sensory stimuli naturally occurring in the environment. These abnormal responses 
include hypersensitivities, such as exhibiting defensiveness to particular types of sounds. 
Additionally, they may exhibit hyposensitivity to specific stimuli, as in showing an 
unusually high tolerance for pain. These atypical responses may severely impact day-to-
day functioning in persons with ASD (Kern et al., 2006). 
Theory of Mind (TOM) 
 A cognitive theory of autism marked by the inability to recognize and connect 
with the mental states of others. Critics of this theory predicate that TOM accounts for 
only one domain-specific aspect of ASD (Rajendran & Mitchell, 2007). 
UNESCO 
 UNESCO is an acronym for The United Nations Educational, Scientific, and 
Cultural Organization. UNESCO is the agency of the United Nations that specializes in 
education.  
Universal Design (UD) 
 A philosophical framework with origins in the field of architecture, Universal 
Design is built on the premise that all people benefit when buildings, spaces, products, 
and services are made available to and usable by all persons without the need to make 
accommodations for some (Universal Design Handbook). For instance, wider doorways, 
ramps, and curb cuts benefit not only the mobility impaired, but also someone pushing a 
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stroller, pulling a suitcase, or even carrying a large and heavy object. (Darrow, 2010). 
The seven principles of Universal Design were later adapted for instruction in two 
theoretical frameworks: Universal Design for Learning (UDL) and the Universal Design 
for Instruction (UDL) (Darrow, 2010) or sometimes referred to as Differentiated 
Instruction (DI) (Alsalamah, 2017).  
Universal Design in Learning (UDL) 
 An educational adaptation of the Universal Design Theoretical Framework. In 
UDL, the design of instructional materials and activities benefit the learning process in a 
group of individuals with widely differing abilities, experiences, and interests 
(Alsalamah, 2017). 
Weak Central Coherence Theory (WCC) 
 Central to the Weak Central Coherence Theory of Autism is the hypothesis that 
the typically developing person looks for global meaning when processing information. 
In contrast, an individual with ASD focuses specifically on localized, detailed 
information (Happé & Frith, 2006). This superior local processing in ASD may be 
responsible for some of the remarkable abilities exhibited by persons on the spectrum, 
including but not limited to a higher prevalence of Absolute Pitch than that found in 
typically developing individuals (Heaton, Williams, et al., 2008). Unlike the EPF theory, 
which favors a low-level perceptual processing bias, central to the WCC theory is the 
notion of a low-level cognitive processing bias in ASD. 
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CHAPTER TWO: REVIEW OF THE LITERATURE 
Music Education and Disability 
 Ever since the Boston School Committee approved vocal instruction as a 
curricular addition in the Boston public schools in 1838, music instruction has been a 
widely favored subject in American public schools (Keene, 2009); however, it was 
approximately 150 years later before public school music education was extended to 
students with disabilities. Students with disabilities were not provided any services by the 
public education system until President Richard M. Nixon signed the Rehabilitation Act 
(H.R. 8070) into law on September 26, 1973. At the time, H.R. 8070 was considered a 
victory for people with disabilities as it allocated funds for vocational rehabilitation. 
Additionally, it increased access to facilities, services, and treatments for students with 
disabilities; however, H.R. 8070 did not provide those students access to the public 
education system. It was not until 1975 when congress enacted Education for All 
Handicapped Children (later becoming the Individuals with Disabilities Education Act, 
P.L. 94-142) that students with disabilities would be granted access to public education 
through self-contained academic classrooms ("Education for All Handicapped Children 
of 1975," 1975; Merck & Johnson, 2017). Included in the language of the Education for 
All Handicapped Children Act (EAHCA) is the recognition that music is paramount in 
the education of all students, including those with disabilities: 
The use of the arts as a teaching tool for the handicapped has long been 
recognized as a viable, effective way not only of teaching special skills but also of 
reaching youngsters who had otherwise been unteachable. The committee 
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envisions that programs under this bill could well include an arts component and, 
indeed, urges that local educational agencies include arts in programs for the 
handicapped funded under this act. Such a program could cover appreciation of 
the arts by the handicapped youngsters and the utilization of the arts as a teaching 
tool per se. (Senate Committee on Human Resources, 1977, p. 1487) 
With the passage of EAHCA came access to disciplines that were previously unavailable 
to students with disabilities, as “whenever possible students with disabilities should be 
included in the public education system and mainstreamed…such as in art, music, and 
physical education” (Bryant et al., 2019, p. 33, as cited in Merck & Johnson, 2017). A 
foundational principle of IDEA is that students with disabilities would be placed in 
regular classrooms that would provide the Least Restrictive Environment (LRE) for them, 
as it was assumed that these students would benefit from learning in company with their 
non-disabled peers (Merck & Johnson, 2017). As a result, students with disabilities began 
being mainstreamed into public school music classrooms. Music education researchers 
immediately began examining the attitudes, perceptions, and practices of teachers in an 
attempt to assess EAHCA's impact on classrooms and teachers (Jones, 2015). Just before 
the 1978 compliance deadline, Shehan (1977) surveyed 50 music supervisors in 50 Ohio 
school districts regarding teacher readiness for teaching students with disabilities. Only 
28% of the respondents felt their teachers were prepared to do so. Post-compliance 
findings from researchers include low involvement in the Individualized Education Plan 
(IEP) development, the need for more information on the legislation (Gilbert & Asmus 
Jr., 1981); but that teachers deemed their mainstreamed students to be successful in class 
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(Atterbury, 1986; see Jones, 2014, for a review).  
 In short, research following the enactment of EAHCA tended to be exploratory, 
primarily focusing on the attitudes and experiences of teachers. Researchers found that 
teachers were primarily unprepared to teach students with disabilities, lacked 
involvement in the IEP process, and were poorly informed about the specifics of the new 
law (Jones, 2015).  
 According to Jones (2015), music education studies paralleling subsequent 
permutations of EAHCA/IDEA continued to focus primarily on attitudes of teachers and 
students toward students with disabilities; however, results from studies across the past 
four decades were not much different from those following the rollout of EAHCA. 
Teachers indicated a need for more classroom support and training in how to best support 
students through accommodations. Areas of research that emerged in the 1990s 
investigated how mainstreaming and inclusion were implemented and their resulting 
impact on music classrooms, pre-service preparation for teaching students with special 
needs, and the effects of inclusion on non-disabled students. Despite the considerable 
expansion of peer-reviewed music education research that occurred between 2004 and 
2012, perceptual and attitudinal studies regarding accommodation continue to comprise 
the majority of the literature (p. 8). Jellison and Taylor (2007) reviewed music research 
published between 1975 and 2005, exploring attitudes toward inclusion in music settings. 
They discovered that only 32 studies had been published during this 30-year period. Even 
more disappointing is that children with disabilities participated in only two of the 
studies, and none of the studies measured the attitudes of parents, siblings, adults with 
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disabilities, or professionals other than teachers (p. 9).  
 Darrow (2003) related that one of the most frequent complaints of teachers in 
inclusive classrooms is the challenge presented when students in an included classroom 
exhibit a wide array of abilities, and the diversity and severity of disabilities in the 
included classroom are a salient contributing factor to this challenge. Teachers are 
charged with the difficult task of designing and implementing instruction broad enough to 
include a wide array of student needs and abilities (p. 45). Darrow (2003) suggested 
several curricular strategies for meeting the needs of students with disabilities. First, a 
teacher may adapt the curriculum or the instruction (Moores-Abdool, 2010) by changing 
the way the content is delivered, such as supplying materials in large print type or 
providing assisted listening devices. Second, a teacher may modify the curriculum by 
changing the actual content to meet the needs of some students by simplifying or 
abbreviating the content. Third, the implementation of multilevel instruction involves the 
preservation of content, but the instruction differs depending on the level of the students 
involved. This particular strategy involves additional preparation and administrative time 
for the teacher as each group of students would require a different presentation of 
content, different types of evaluation, and different student activities (National Center on 
Educational Restructuring and Inclusion (NCERI), 1994: as cited in Darrow, 2003). The 
Universal Design for Learning (UDL) is an instructional strategy that also serves multiple 
levels of ability; however, instead of utilizing multiple levels of instruction, UDL 
employs one level of instruction designed broadly enough that it is suitable for students 
of all abilities. Fourth and finally, Darrow (2003) suggested adopting the practices of 
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collaborative teaming (working in tandem with special education teachers) and peer-
mediated strategies, where students work together in small groups under the direct 
supervision of the teacher (p. 47).  
 In summary, because music education research regarding students with 
disabilities is minimal, much of the research is borrowed from special and general 
education literature. Reviewers suggested that there is a critical need for disability-related 
studies specific to music education research. Most importantly, aside from one qualitative 
study investigating a student's experience in choir (Haywood, 2006), the voices of 
students with disabilities are conspicuously absent. Jones (2015) stresses the need for 
qualitative studies involving students, parents, and teachers, so that others may come to 
understand that “while students are assigned labels, there are individual people behind 
those labels with compelling and important stories that can teach us all” (p. 9).
Music Education and Autism 
 In a review of general education literature on autism and inclusion, 
Moores-Abdool (2010) found that research studies examining general education 
instructional adaptation for students with disabilities are rare, and even scarcer are those 
concerned with teachers’ instructional adaptations for students with autism. However, 
instead of research, she found a plethora of “how-to” resources consisting of advice and 
commentaries for teachers and administrators, and that these resources permeate the 
literature on curriculum modifications and instructional adaptations for students with 
autism (p. 156). Topics of these resources include social interaction, academic obstacles, 
helping students negotiate transition, social skill acquisition, environmental issues, 
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working with the unique cognitive style of autism, and recommendations for instructional 
adaptations. These resources tend to be relatively consistent in format and found 
abundantly in education journals. Even though they pervade the literature regarding 
instructional adaptations and curricular modifications, all of the articles in this review 
failed to substantiate their recommendations with research (Moores-Abdool, 2010, p. 
157). 
 Despite the dearth of music education research studies focusing on teaching 
strategies for students with disabilities, there exists a handful of resources written 
specifically for classroom music teachers following the most recent iteration of the 
Individuals with Disabilities Education Act in 2006. Drawing mainly from literature in 
the areas of psychology, special education, and music therapy, authors of these resources 
put forth an abundance of practical information and advice on a number of topics, 
including the history of education legislation and litigation (Hammel & Hourigan, 2017; 
Sobol, 2017), special education law (Crockett, 2017; Hammel & Hourigan, 2017; Sobol, 
2017), the special education system (Hammel & Hourigan, 2017), pre-service preparation 
(Hammel & Hourigan, 2017), behavioral and instructional strategies (Hammel & 
Hourigan, 2017; Hourigan & Hourigan, 2009; Scott, 2017; Sobol, 2017), Universal 
Design for Learning (Abramo, 2012; Hammel & Hourigan, 2017; Scott, 2017; Sobol, 
2017), adaptations (Hammel et al., 2016; Hammel & Hourigan, 2017; Nelson, 2013; 
Riley, 2013; Sobol, 2017), modifications (Hammel & Hourigan, 2017; Sobol, 2017), 
techniques for assessment (Hammel & Hourigan, 2017; Sobol, 2017), giftedness 
(Hammel & Hourigan, 2017), the unique cognitive style of autism (Hourigan & Hammel, 
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2017), fostering joint attention and communication skills (Scholtens, 2019), and 
information regarding twice exceptional students, or students who are intellectually gifted 
but possess a disability significant enough to require an IEP (Abramo, 2015; Hammel & 
Hourigan, 2017).  
 Additionally, some resources contain practical advice regarding IEPs (Hammel & 
Hourigan, 2017; Sobol, 2017), classroom environment and arrangement (Hammel & 
Hourigan, 2017; Scott, 2017), communicating with parents (Hammel & Hourigan, 2017), 
and information specific to performing ensembles (Hammel & Hourigan, 2017; Hourigan 
& Hourigan, 2009). Finally, some resources also contain detailed information specifically 
regarding autism (Hammel & Hourigan, 2013, 2017; Hourigan & Hourigan, 2009; Scott, 
2017; Sobol, 2017). Some sources contain lesson plans and vignettes to illustrate how 
features of autism might become manifest in the context of a music classroom (Hammel 
et al., 2016; Hammel & Hourigan, 2013, 2017; Hourigan & Hammel, 2017; Scott, 2017). 
The authors of these resources tend to be seasoned practitioners. Some are also parents of 
children with autism, lending yet another perspective. Voices of self-advocates, however, 
are conspicuously absent from these resources and perspectives.  
Movement, Music, and Autism 
 Although there exists recent music cognition research supporting the notion that 
human movement is an inextricable part of music (Elliott & Silverman, 2014; Kivijärvi et 
al., 2017; Schiavio et al., 2019), the idea of incorporating movement into music education 
praxis is undoubtedly not new. Nineteenth-century artists Émile Jaques-Dalcroze, 
François Delsarte, and Rudolf Laban were primarily responsible for shaping the practice 
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of teaching music and movement concurrently, both through the use of gross motor 
movement and of gesture (Lewis, 1998). These three pioneers of music and movement 
education asserted that “mental and physical processes are more powerful when 
experienced together than separately” (Lewis, 1998, pp. 113-114). These practices fit 
nicely with current thinking in the neurosciences. For instance, Klimesch (1987) 
developed a Connectivity Model for semantic processing, showing that concepts with 
many features are processed faster than concepts that have fewer features. Macedonia and 
Klimesch (2014) used Klimesch’s Connectivity Model to investigate the role of gesture 
in memory of foreign vocabulary words. They found that gesture accompanying a novel 
word made for a more robust network, thereby enhancing the encoded information. 
 According to Kivijärvi et al. (2017), movement is an integral component of some 
music education methods, including Jaques-Dalcroze Eurythmics, Orff-Schulwerk, and 
Kodaly. These methods embrace movement in varying forms and degrees to facilitate and 
improve learning. Creative movement to music, conducting, dancing, singing, body 
percussion, and even relaxation are all examples of the types of movement activities 
typically employed by these methods. The theories behind these movement-based 
approaches are contextualized under the concept of embodiment (Elliott, 1996; Husserl, 
1945/1991; Juntunen & Hyvönen, 2004; Merleau-Ponty, 1945/1962; Westerlund & 
Juntunen, 2005; as cited in Kivijärvi et al., 2017) in the traditions, praxialism, and 
phenomenology of music education (p. 170).  
 Traditional cognitivist theories were highly influenced by the philosophical 
writings of René Descartes (1596–1650), who posited that a separation exists between 
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mind and body—and therefore, likewise between the material and the spiritual. 
According to Descartes, what sets humans apart from other creatures is our capability for 
rational and abstract thought, both of which he deemed necessary to obtain general 
knowledge. Descartes' now-famous quote, "cogito, ergo sum" (I think, therefore I am), 
adequately reflects his dichotomous view of body and mind/soul (Descartes, 1955; 
Juntunen & Hyvönen, 2004). 
 Over the past century, Cartesian mind/body dualism has been the subject of much 
phenomenological criticism. One such critic, Maurice Merleau-Ponty, argued that bodily 
experience, rather than consciousness, is the primary source for knowing the world. 
Furthermore, he asserted that perception was the principal vehicle by which we come to 
both understand and engage with the world. Finally, he contended that because it is 
impossible to separate the mind from the body, the body cannot be considered to be an 
object; therefore, the accumulation of our lived-experiences precedes intellectualization. 
In essence, embodiment is always experienced and perceived at the level of the self 
(Juntunen & Hyvönen, 2004; Merleau-Ponty, 1945/1962). 
 Towards the close of the 20th century, the writings of Merleau-Ponty inspired 
researchers in many areas, including the arts and arts education (Bowman, 1998; 
Parviainen, 1998; Rouhiainen, 2003; Sheets-Johnstone, 1979, 1981; 1999; as cited in 
Juntunen & Hyvonen, 2004), as well as in cognitive science (Johnson, 1987; Lakoff & 
Johnson, 1980, 1999; Varela et al., 2017; as cited in Juntunen & Hyvonen, 2004). At the 
end of the 20th century, praxial music education scholars began emphasizing the 
importance of action and knowing-through-action in music learning (Bowman, 2000; 
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Elliott, 1996; Regelski, 1996, 1998), including the interaction of listening as well as that 
of making music (Elliott, 1996).  
 According to Bowman (2000), music learning is perception and reflection 
manifested in embodied action, and that the journey towards musical cognition and “self-
hood” begins with the body (p. 45). Additionally, Elliott (1996) wrote: 
Finally, if the body is in the mind, then it makes perfect sense (as Jaques-
Dalcroze, Orff, and Kodály specialists maintain) that the kinds of moving 
involved in music making (including conducting) are essential to improving 
musical understanding, which I have argued, is essentially procedural. (p. 103) 
According to Kivijärvi et al. (2017), the methodological approach of Jaques-Dalcroze is 
congruent with the philosophical writings of Merleau-Ponty regarding embodiment in 
that it also refutes Cartesian mind-body dualism (p. 173), and that these writings asserting 
the notion of knowing the world through the body through gesture and habit seem to 
support some of Jaques-Dalcroze’s empirical findings (Juntunen & Hyvönen, 2004). 
Additionally, Juntunen and Hyvönen (2004) contended that the Jaques-Dalcroze 
Eurhythmics approach provides a rich and suitable framework for understanding bodily 
movement and its relationship in facilitating musical knowing. Together with Merleau-
Ponty, they argued that the body is the primary agent of knowing, and that “what can be 
known via bodily experience, while often incapable of being expressed in words, is 
known at a deeper level” (p. 200). 
 The Eurhythmics approach of Geneva Conservatoire harmony and solfège 
professor Èmile Jaques-Dalcroze (1865-1950) is a movement-based, music education 
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strategy based on the belief that bodily experiences provide the basis for all music 
learning. As a result, Jaques-Dalcroze drew from everyday bodily experiences that would 
be familiar to his students, such as running, skipping, and leaping, and incorporated them 
into his teaching to help them develop the ability to “feel, hear, invent; sense and 
imagine; connect, remember, read and write; perform and interpret music” (Chosky et al., 
2000). Although his primary objective was to strengthen their musicianship, Jaques-
Dalcroze recognized the extra-musical benefits of a musically integrated mind and body, 
and thus strove to increase his students' social integration, concentration, awareness, 
adaptability, and general wellbeing (Chosky et al., 2000; Kivijärvi et al., 2017).  
 Inspired by Isaac Newton’s laws of mechanics of motion, Jaques-Dalcroze used 
movement and music games to help students better sense the physical and musical 
elements of time, space, energy, weight, balance, and plasticity relative to gravity 
(Chosky et al., 2000). He categorized these games into five different groups, each with a 
different pedagogical objective. The Quick Reaction game is usually the first game in a 
Eurythmics lesson and is used to promote attention, concentration, and analysis. In a 
Quick Reaction game, the student listens to a musical stimulus containing two or more 
ideas and selects the appropriate movement response. The Follow game requires a 
student to respond to nuances in changes of tempo, accent, dynamics, phrasing, and 
articulation of the teacher's performance or conducting. The Replacement game is one in 
which one item of a pattern is replaced with something else, increasing the demand for 
memorization. The Interrupted Canon or Echo Canon is used to foster quick memories 
for patterns without the requirement of analysis. Besides just rhythmic patterns, students 
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are required to repeat the same musical expression, including phrasing, articulation, and 
dynamic variability. Finally, the Continuous Canon is the most challenging game and 
usually culminates the Eurythmics lesson. In the Continuous Canon, the students also 
"echo" the teacher, but in this case, there is no break or space in time to receive the input 
of a new stimulus. The teacher presents new material at the same time as the students are 
finishing the previous material, requiring the student to live in the past, present, and 
future simultaneously. The Continuous Canon serves as the synopsis of the skills learned 
and knowledge acquired during the lesson. Because specific Eurhythmics lessons are not 
prescribed, these lesson categories serve as templates for teachers, allowing them the 
freedom to insert the desired content they wish to present in a given lesson. This practice 
allows for a considerable amount of variability, both between groups of students and for 
individual students within a group (Chosky et al., 2000, pp. 123-125).  
 The use of gesture is an integral component of Eurhythmics. The relationship 
between body and sound is one of reciprocity. Jaques-Dalcroze believed that the body, 
either in part or in whole, can make a gesture that matches a particular sound, and 
likewise, the body can transform any gesture into a corresponding sound. Any of the 
features of music, including melody, harmony, rhythm, and phrasing, can be depicted and 
communicated through bodily movement (Caldwell, 1995, p. 41). 
 According to Chosky et al. (2000), adding gesture together with other types of 
bodily movements in multiple combinations allows the body to express melody, 
harmony, polyrhythms, counterpoint, and phrasing as if it were an orchestra itself. 
Jaques-Dalcroze believed that expressive movement allowed a student to enjoy the same 
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musical experiences afforded to accomplished musicians—the fusion of vibrations and 
sensation, feeling and thought, temperament and spontaneity, and imagination and 
willpower—more importantly, knowing first-hand the experience of feeling the full 
effects of the musical experience. In essence, they contended that Jaques-Dalcroze 
realized that the students were the instruments themselves, not the voice or the piano or 
any other instrument—but the students themselves (p. 30). 
 Researchers have posited that the pedagogical approach of Jaques-Dalcroze is 
appropriate and effective for students with special needs (Habron-James, 2013; Kivijärvi 
et al., 2017). Berger (2016) indicated that Eurhythmics-based activities seem to support 
the sensory organizational needs of students with ASD, and likewise strengthen their 
autonomy (Berger, 2016) and agency (Sutela et al., 2019). Findings from a recent case-
study by Sutela et al. (2019) indicated that Jaques-Dalcroze based activities promoted one 
ASD student from being a passive non-participant to that of being a leader and an active 
participant. According to a multiple case study by Habron-James (2013), Eurhythmics 
positively impacted students with special needs in terms of their social, emotional, 
cognitive, musical, physical, and behavioral development. Additionally, he found that 
these feelings of contentment and freedom brought about by these activities heightened 
the students' creativity and curiosity, ultimately fostering for them a sense of 
independence (Habron-James, 2013; see also Falschlunger, 2015).  
 Finally, Sutela et al. (2016) found that Eurhythmics-like activities provided a safe 
environment for students with special needs to express their emotions safely, and to 
receive responses to those emotions from their peers and teachers. The movement-based 
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approach allowed students to express and communicate their musical knowledge non-
verbally, so that the playing field became more even for those students for whom 
language is an impediment. The researchers asserted that the Jaques-Dalcroze approach 
can provide a safe and nurturing environment wherein all students, regardless of ability, 
may feel their contributions to be valued and respected (Sutela et al., 2016, p. 185). 
Music Education and Music Therapy 
Music-as-therapy is an established intervention used to address communicative, 
emotional, cognitive, and motor impairments in individuals with ASD. In a recent review 
of music and movement therapy interventions for children with autism, Srinivasan and 
Bhat (2013) found that music-based therapies accounted for 12% of all autism 
interventions and for 45% of alternative treatment approaches occurring in school 
settings (Hess et al., 2008; Simpson et al., 2005); however, except for three randomized 
control trials (Gattino et al., 2011; Lim, 2010; Lundqvist et al., 2009), the reviewers 
found the overarching quality of the studies to be quite weak. Most utilized a pre-post 
comparison design using single subjects or small sample sizes and did not include a 
control group. By including studies involving typically-developing subjects and subjects 
from other populations, they concluded that multisystem, movement-based interventions 
likely moderate some of the social communication, behavioral, and perceptuo-motor 
deficits associated with ASD (Srinivasan & Bhat, 2013, p. 11). 
Although the goals of music education and music therapy are thought to 
complement one another, they are quite different in scope (Dempsey & Foreman, 2001). 
"Music education specializes in students' acquisition of musical knowledge, skills, and 
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appreciation, while music therapy uses music to achieve non-musical goals" (Dempsey & 
Foreman, 2001, p. 107). While some non-musical byproducts of music education may 
prove beneficial to ASD students, such as increased socialization and communication, the 
question is one of whether or not music educators should settle for therapeutic goals in 
place of knowledge and skill acquisition for ASD students. Many non-savant individuals 
with ASD possess musical potential that deserves to be developed (Heaton, 2009), and 
even though many ASD individuals are non-verbal or have difficulty with verbal 
expression, music is one of the few classes in which students may participate without the 
requirement of spoken language (Darrow & Armstrong, 1999).  
In summary, the majority of research on the topic of students with disabilities 
concerns teacher attitudes and perceptions with each permutation of the Individuals with 
Disabilities Act (IDEA). Aside from resources written by seasoned practitioners 
regarding classroom practices they have found to be successful, findings from literature 
reviews concerning teaching music to students with disabilities tends to be quite limited. 
Little experimental research regarding the efficacy of some approaches for students with 
disabilities, particularly for students with autism, exists. Furthermore, a significant 
amount of the studies and available resources are geared toward younger children and 
tend to focus on non-musical outcomes. Researchers have shown the use of gesture and 
other bodily movements in the context of Eurhythmics-based activities to be effective in 
engaging students with disabilities and to be easily customizable for students of all 
abilities. Because movement-based activities are designed for classes containing a wide 
array of student abilities, they are well-suited for multilevel instruction in the spirit of the 
47
Universal Design for Learning. 
Autism 
In the June 1943 issue of a then-new journal entitled, The Nervous Child, child 
psychiatrist Leo Kanner published a paper that would change the future direction of 
childhood and adolescent psychiatry. In “Autistic Disturbances of Affect Contact,” 
Kanner vividly described eleven unique children he had seen as patients in his Baltimore 
clinic. In this article, Kanner wrote, “…there have come to our attention a number of 
children whose condition differs so markedly and uniquely from anything reported so far, 
that each case merits—and, I hope, will eventually receive—a detailed consideration of 
its fascinating peculiarities” (Kanner, 1943, p. 217). Unique to the article was the fact 
that, from the morass of symptoms used to diagnose “pre-psychotic children,” Kanner 
extracted and organized a set of symptoms into a single entity that would become the first 
set of diagnostic criteria for autism (Silberman, 2015, p. 180). 
The following year, a Viennese pediatrician named Hans Asperger also published 
a work containing the word autistic in the title. In this postdoctoral thesis, Asperger 
described four clinical cases of Autistischen Psychopathen (“autistic psychopathy”), of 
which all were boys between seven and ten years of age. Although Asperger focused on 
only four patients, he felt these archetypal cases were representative of the over 200 
children he had encountered at the University of Vienna Hospital clinic. Asperger coined 
the term autismus, from the Greek word meaning “self,” because he believed these 
children seemed most content when spending time alone (Silberman, 2015). Whether it 
was that Asperger's work was published in German or because of the chaos in Austria 
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brought about by World War II, Asperger's work did not become well-known until much 
later (Silberman, 2015). 
The phenomenon of Kanner and Asperger both arriving at the same discovery 
both independently and concurrently is believed to be one of the extraordinary 
coincidences in 20th-century medical research (Silberman, 2015). Each, however, had a 
different ontological perspective on the disorder. Kanner believed that autism was a rare 
and immense condition that only affected children. Silberman (2015) wrote, “To Kanner, 
autism was not merely an eccentric cognitive style or an alternate mind-set. It was a 
tragic form of childhood psychosis, akin to schizophrenia, caused by inadequate 
parenting. It was certainly nothing to be proud of” (p. 41). The possibility that one of his 
patients could grow up to be a working scientist would have likely seemed improbable to 
him. For Kanner, a more realistic prognosis for his patients would have been a lifetime of 
institutional care (Silberman, 2015). 
 Asperger, on the other hand, held a more holistic view of autism than Kanner, 
referring to it as a “natural entity” (Silberman, 2015, p. 98). Asperger recognized that 
autistic persons could fall anywhere on a continuum between highly intelligent and 
severely cognitively impaired. Based on the vast array of personalities and interests he 
saw in his patients, Asperger believed that there were as many different types of autism 
as there were persons with the disorder. Although the autism of Hans Asperger more 
closely parallels the concept of autism as a spectrum as found in today's diagnostic 
criteria for ASD, it was not until the late 1970s that the spectrum model of autism became 
widely accepted (Silberman, 2015). British psychiatrist and mother of an autistic 
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daughter Lorna Wing introduced the spectrum paradigm as a reaction to Kanner's narrow 
diagnostic criteria. 
 At last, nearly 40 years following Kanner's historical publication, thousands of 
children and adults in need of educational and social services were able to receive the 
support they so desperately needed (Silberman, 2015). In 1980, autism finally appeared 
as an official diagnosis in the DSM-3 (American Psychiatric Association, 1980; Tanguay 
& Lohr, 2016). Two more editions of the Diagnostic and Statistical Manual have since 
been released: the DSM-4 in 2000 (American Psychiatric Association, 2000) and, most 
recently, the DSM-5 in 2013 (American Psychiatric Association, 2013).  
Diagnostic Criteria 
ASD is a complex neurological disorder defined by criteria that include a triad of 
deficits in social understanding, social communication, and repetitive or restrictive 
interests, behaviors, or activities (CDC, 2020; Happé et al., 2006, p. 93; Odom, 2013; 
Wing & Gould, 1979). Contextually, these deficits include social reciprocity, nonverbal 
communicative behaviors typically found in social interaction, and the skills necessary to 
understand, develop, and maintain personal relationships (American Psychiatric 
Association, 2013). Deficits in social-emotional reciprocity range from the inability to 
participate in a conversational exchange to the failure to share another person's interests, 
emotions, or affect (American Psychiatric Association, 2013). Persons with ASD may 
also be unable to initiate social interactions or to even respond to them. Behavioral 
deficits in nonverbal communication may include diminished eye contact, deficient 
understanding of and use of gestures, and an inability to integrate verbal information with 
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nonverbal cues (American Psychiatric Association, 2013). 
Furthermore, persons with ASD may be incapable of communicating verbally in 
any capacity, including using or understanding facial expressions. Someone with ASD 
typically will not adjust their behaviors appropriately to fit different types of social 
contexts, nor will they likely have an awareness of when it is necessary to do so. They 
may have great difficulty making and keeping friends, and some may have no interest in 
forming personal relationships of any kind (American Psychiatric Association, 2013; 
Tanguay & Lohr, 2016). 
In addition to these impairments in social functioning, persons with ASD also 
demonstrate restricted interests and repetitive patterns of behavior (American Psychiatric 
Association, 2013). These repetitive behaviors occur in gross or small motor movements, 
in speech, and in object use. Common manifestations of repetitive behaviors in ASD 
include flapping or twisting hands and fingers, echolalia, or unusual whole-body 
movements (CDC, 2020). Other unusual behaviors include atypical use of objects (such 
as organizing toys rather than playing with them) and adherence to consistency 
(American Psychiatric Association, 2013). Persons with ASD tend to think rigidly and 
have great difficulty with transitions. They are also easily distressed when there are 
changes in routine or ritual, such as routes to be traveled or food to be eaten (American 
Psychiatric Association, 2013). Other manifestations of inflexibility in ASD include 
interests that are unusually intense in focus. Such fixations include perseveration on or 
attachments to objects and systems such as dinosaurs and train schedules (American 
Psychiatric Association, 2013; Caldwell-Harris & Jordan, 2014). 
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 Another hallmark of the disorder is a person’s abnormal responses to sensory 
stimuli. Someone with ASD may be hyper- or hypo- sensitive to sensory information 
occurring in their surroundings. Persons experiencing a hypersensitive reaction to an 
environmental stimulus wish to avoid that sensory experience, as in finding discomfort in 
loud noises or avoiding eating foods with textures they deem undesirable. On the 
contrary, hyposensitive persons tend to seek out a particular sensory experience. They 
may excessively touch or smell objects, or they may seek visual stimuli like moving 
objects or bright lights (American Psychiatric Association, 2013). 
In addition to diagnostic criteria established by the American Psychiatric 
Association and the CDC, the U.S. Department of Education offers a slightly different 
definition of autism as found in the Individuals with Disabilities Education Act (2006a): 
A developmental disability significantly affecting verbal and nonverbal 
communication and social interaction, generally evident before age three, that 
adversely affects a child's educational performance. Other characteristics often 
associated with autism are engagement in repetitive activities and stereotyped 
movements, resistance to environmental change or change in daily routines, and 
unusual responses to sensory experiences (para.1).  
Finally, the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 
(American Psychiatric Association, 2013) is the comprehensive handbook for diagnosis 
of mental disorders in the United States. This most recent revision of the manual 
describes ASD as a spectrum with varying levels of strengths and weaknesses. The 
conceptualization of ASD as a spectrum was a change to this most recent DSM, 
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incorporating the previously excluded variants of autism, Asperger’s disorder, childhood 
disintegrative disorder, Rett’s disorder, and pervasive developmental disorder not 
otherwise specified into ASD. ASD, according to the DSM-5 (American Psychiatric 
Association, 2013), is distinguished by two criteria: social and communication difficulties 
and restricted/repetitive behaviors. These incorporate social-emotional reciprocity (e.g., 
social give-and-take; Harrington & Allen, 2014), nonverbal communication impairment, 
rigidity, and intense preoccupations in specific interests (Richter et al., 2007). Autism is 
diagnosed more frequently in males than females (Loomes et al., 2017); however, this 
may be in part due to differences in presentation across sex (Halladay et al., 2015).   
Autism Prevalence 
 As recently as 30 years ago, autism was thought to be a rare condition. Ritvo et al. 
(1989) once determined the prevalence rate as only 4 in every 10,000 persons. 
Researchers now estimate that 1 in 54 persons receives a diagnosis of autism in the 
United States and that males are four times more likely than females to be diagnosed with 
ASD (CDC, 2019, 2020). Additionally, epidemiological data indicate an autism 
prevalence of one in 160 persons worldwide, and the rate of global occurrence continues 
to rise (World Health Organization [WHO], 2019). Today, researchers consider autism to 
be a common neurological disorder in children, but its tremendous impact on public 
health has made it a topic of global concern (Malcolm-Smith et al., 2013). Because ASD 
can severely impact children's ability to socialize and to learn, the World Health 
Organization named public education as a critical focus area for broadening the well-
being and societal opportunities for persons affected by ASD (WHO, 2019). Statistics 
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alone predict that every music teacher will inevitably teach a child with autism (Hammel 
& Hourigan, 2013). 
Neurocognitive Theories of ASD 
Persons with ASD possess a unique cognitive style that causes them to perceive, 
process, and act on information differently than their typically developing peers (Happé, 
1999; Happé & Frith, 2006). Researchers have developed several theoretical frameworks 
to account for the neurological underpinnings of the disorder, including the Weak Central 
Coherence Theory (Frith & Happé, 1994; Happé, 1999; Happé & Frith, 2006; Shah & 
Frith, 1993) and Enhanced Perceptual Functioning (Heaton, 2005, 2009; Lense & 
Dykens, 2011; Mottron et al., 2006). Other theoretical frameworks include Theory of 
Mind (Happé, 1994, 1999; Tager-Flusberg, 2007), Executive Function Theory (Happé, 
1999), and the Empathizing-Systemizing Theory (Baron-Cohen, 2006a, 2009, 2010; 
Baron-Cohen et al., 2009; Baron-Cohen et al., 2003). Diagnoses of autism run in 
families, and heritability estimates for autism range from 64% to 91% according to a 
recent meta-analysis of research by Tick et al. (2016). Despite the plethora of research in 
ASDs, however, the neural and genetic causes of autism remain unknown (Booth et al., 
2011). 
Theory of Mind Deficit 
 The Theory of Mind Deficit (ToM) is a cognitive theory based on the concept that 
persons with autism are unable to read the mental states of themselves and of others 
(Baron-Cohen, 1995; Rajendran & Mitchell, 2007), and that "this deficit manifests as an 
inability to mentalise or failure to take into account others' mental states" (Rajendran & 
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Mitchell, 2007, p. 226). ToM is a multifaceted construct that can be subdivided into 
different "orders" based on the complexity of inference. Using a transfer test about false 
belief developed by Wimmer and Perner (1983), Baron-Cohen et al. (1985) found that 
80% of children with autism failed the first-order (determining what another person 
thinks) ToM task. Because the inability of children with autism to pass the task was not 
universal, (Baron-Cohen, 1989), again using a paradigm borrowed from Wimmer and 
Perner (1983), found that 90% of typically developing children passed a more stringent 
second-order task (determining what someone thinks another person thinks), but none of 
the children with autism passed. In a subsequent study by Bowler 1992, 73% of young 
adults with high functioning autism passed the second-order belief task, convincing other 
leading researchers that deficits in ToM were not universal in people with autism. 
Researchers have found that performance on the false-belief task correlates positively 
with language skills (Kimhi, 2014), and because many adults and older children were 
able to pass the second-order task, there is evidence to suggest that ToM skills may 
improve with age (Frith, 2004, 2012). 
 Participants with autism also performed poorly compared to their typically 
developing peers in other Theory of Mind Deficit studies (Kimhi, 2014). When shown 
photographs of faces containing only the eye regions, adults with autism were 
significantly less likely than comparison groups to be able to correctly match each photo 
with its corresponding mental state (Baron-Cohen et al., 1997; Baron-Cohen, 
Wheelwright, Hill, et al., 2001; Baron-Cohen, Wheelwright, Scahill, et al., 2001). Golan 
et al. (2007) investigated the ability of adults with autism to infer mental states from 
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auditory information. They also asked participants to listen to short recordings of 
dialogue and to choose the mental state of the person speaking. Participants with autism 
performed considerably worse than their non-autistic peers, and women performed much 
more poorly than males in the ASD group (Golan et al., 2007).  
 Researchers suggested further that the abilities and tasks associated with ToM 
may well involve two independent memory systems, explicit and implicit (Kimhi, 2014; 
Schneider et al., 2013). The explicit system likely depends on sequential intake, storage, 
and processing of information in an orderly fashion. In contrast, the implicit system 
requires the ability to process multiple things simultaneously, which is a known deficit in 
persons with ASD (Kimhi, 2014). As a result, persons with autism seem more likely to 
experience a hindrance in the implicit level of processing (Frith, 2012) 
  While evidence in support of the Theory of Mind Deficit hypothesis can help us 
understand the social and communicative deficits associated with ASD, ToM does not 
explain the remaining criteria that constitute the triad of core deficits associated with the 
disorder. ToM also does not explain all the components of autism, nor does it explain all 
people with the disorder (Frith & Happé, 1994). 
Weak Central Coherence Theory (WCC) 
 Uta Frith (2012) best described the Weak Central Coherence theory as “a normal 
distribution of preference or bias, with a detail-focused strategy at one extreme of the 
population and the opposite preference at the other” (p. 2086). Researchers in support of 
the WCC theory hypothesize that individuals with ASD possess enhanced local 
processing, but at the expense of global (holistic) processing. Typically developing 
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individuals generally show a bias toward the whole— they seek to integrate details into a 
broader perception. Conversely, as per the WCC theory, ASD individuals have a bias for 
local processing (Frith & Happé, 1994; Happé & Frith, 2006)—i.e., a propensity for 
processing embedded details within the whole (Mottron et al., 2009).  
 Early 20th century Gestalt psychologists believed that people have a natural 
perceptual tendency to embrace the whole of a given stimulus and that the task of 
extracting constituent components requires effort (Frith & Happé, 1994; Koffka, 
1935). Shah and Frith (1983) administered the Embedded Figures Test (Witkin et al., 
1971), a product of the Gestalt approach, to 20 children with autism and 20 children 
with learning disabilities. The subjects with autism overwhelmingly found the hidden 
components more quickly and easily than did the controls (Frith & Happé, 1994; Shah 
& Frith, 1983). Adults and children with autism likewise show superior performance 
in the Block Design subtest of the Wechsler Intelligence Scales compared to other 
subtests and age matched peers (Frith & Happé, 1994; Wechsler, 1974, 1981, 1999). 
This subtest requires the ability to segment a figure mentally, thought to contain 
salient Gestalt qualities, into individual units so that someone can reconstruct the 
image as quickly as possible using red and white blocks. Shah and Frith (1993) 
conducted an experiment in which subjects had to reconstruct 40 figures using blocks. 
Sixty-five subjects viewed the figures; 20 with autism, 33 typically developing, and 
12 with learning disabilities. The blocks were shown to the participants either as pre-
segmented (i.e., blown apart, showing individual block components) or whole. The 
subjects with autism showed a distinct advantage in only one condition—from 
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working with the whole design. These results suggest that superior performance in a 
block design task cannot be attributed to enhanced visuospatial abilities (Frith & 
Happé, 1994). 
 In summary, the WCC theory was developed by Uta Frith in opposition to 
prevailing theories that denied a neurological basis for ASD and instead focused on 
emotional or psychosocial origins (Bishop, 2008). Although the theory initially focused 
on deficits in global processing, evidence has increasingly guided the theory to instead 
suggest a bias toward, and enhancement of local processing. This enhancement does not 
occur at the expense of global processing however, as researchers have demonstrated that 
individuals with ASD can employ global processing when required (Happé & Frith, 
2006; Olu-Lafe et al., 2014). Additionally, because the Weak Central Coherence theory is 
founded on a model of difference rather than that of a deficit, Frith (2012) contends that it 
has received overwhelming enthusiasm and support from the autism community. 
Executive Function 
 The executive function theory of autism is an attempt to explain the 
organizational, planning, inhibiting, sustaining and shifting attention, cognitive flexibility 
and working memory deficits associated with the disorder, particularly as they relate to 
goal-directed action and problem-solving skills (Hill & Frith, 2003; Ozonoff & Jensen, 
1999). Customarily, researchers have used three standard measures to explore executive 
function in neurodevelopmental disorders: the Wisconsin Card Sorting Task (WCST) 
(Grant & Bert, 1948; Heaton et al., 1993) to measure flexibility (Ozonoff & Jensen, 
1999), the Tower of Hanoi (TOH) (Borys et al., 1982) to measure working memory and 
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organizational planning (Ozonoff & Jensen, 1999), and the Stroop Color-Word Test 
(Stroop, 1935) to measure inhibition (Ozonoff & Jensen, 1999).  
 Research using these measures indicates that autistic individuals have performed 
less strongly on these tasks than typically developing individuals. The responses of 
subjects with autism were more repetitive than controls during the WCST (Bennetto et 
al., 1996; Ozonoff, 1995; Ozonoff & Jensen, 1999; Ozonoff & McEvoy, 1994; Ozonoff 
et al., 1991; Prior & Hoffman, 1990; Rumsey, 1985; Rumsey & Hamburger, 1988, 1990; 
Szatmari et al., 1990). Performances of persons with autism on the Tower of Hanoi task 
were significantly weaker than those of controls (Bennetto et al., 1996; Hughes et al., 
1994; Ozonoff & Jensen, 1999; Ozonoff & McEvoy, 1994; Ozonoff et al., 1991). The 
few studies using the Stroop measurement with persons with autism found no between-
group differences, suggesting that the inhibition of prepotent responses in ASD might be 
a somewhat preserved subcomponent of executive function (Bryson, 1983; Eskes et al., 
1990; Ozonoff & Jensen, 1999). Because individuals with Attention Deficit Hyperactivity 
Disorder (ADHD), schizophrenia, obsessive-compulsive disorder (OCD), or Tourette 
syndrome have performed similarly to those with autism, the “discriminant validity 
question” (Pennington, 1994; Pennington & Ozonoff, 1996) is raised, leading to a 
criticism of the theory’s specificity (Ozonoff & Jensen, 1999; Rajendran & Mitchell, 
2007).  
Enhanced Perceptual Functioning (EPF) 
 Mottron and Burack (2001) proposed the Enhanced Perceptual Functioning theory 
as an alternative to the Weak Central Coherence theory (Happé & Frith, 2006), the 
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leading model at that time (Mottron et al., 2006). Like the WCC theory, the EPF model 
focuses on the cognitive rather than the social aspect of ASD, highlighting the salience of 
local processing. However, the EPF framework differs in that Mottron and Burack (2001) 
hypothesized that the local bias in ASD is due to enhanced low-level perceptual 
functioning as opposed to low-level cognitive processing. As per the EPF theory, 
individuals with autism have a superior perception, which, broadly defined, encompasses 
everything from feature detection to pattern recognition in both the visual and auditory 
domains (Mottron et al., 2006). Following five years of continued investigation of 
perceptual functioning in persons with autism, Mottron et al. (2006) revised, expanded, 
and further clarified the EPF model with eight principles of autistic perception. The 
principles are as follows: 
 Principle 1: The Default Setting of Autistic Perception is More Locally 
Oriented Than That of Non-Autistics. Two types of cognitive tasks, long exposure 
hierarchical tasks, and short exposure hierarchical tasks are employed to investigate the 
locally unusual behaviors in persons with ASD:  
 Long Exposure Hierarchical Tasks. Borrowed from clinical assessments, such 
tasks “require tens of seconds to be completed, involve the visual perceptual component 
of distinguishing between local and global levels, but also attention, executive planning, 
and motor components” (Mottron et al., 2006, p. 30). Such tasks include but are not 
limited to the Embedded Figures Task (Joliffe & Baron-Cohen, 1997), and the Block 
Design portion of the Wechsler scales (Shah & Frith, 1993; Wechsler, 1974, 1981, 1999), 
which include both local and global tasks. Because persons with autism outperformed 
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typically developing controls in both local and global components of the assessments, 
Mottron et al. (2006) attributed the outcome to visuospatial processing superiority in 
persons with autism.  
 Short Exposure Hierarchical Tasks. In comparison, these tasks occur within a 
fraction of a second and include responses that are both forced-choice and binary. 
Persons with ASD likewise show a superior ability to accurately identify a visual or 
auditory target despite distractors that may be present in the stimuli and to do so more 
quickly than typically developing controls (Mottron et al., 2006). 
 Principle 2. Increased Gradient of Neural Complexity is Inversely Related to 
Level of Performance in Low-Level Perceptual Tasks. Limited research in this area 
indicates that persons with autism perform significantly better on tasks involving static 
stimuli rather than dynamic stimuli (Bertone et al., 2005) in both in the visual (Mottron et 
al., 2006) and auditory domains (Samson et al., 2006). Researchers attribute differences 
in performance to overconnectivity within localized brain regions (Belmonte et al., 2004) 
and underconnectivity between the frontal and temporal regions (Castelli et al., 2002; 
Courchesne & Pierce, 2005; Frith, 2003; Just et al., 2004; Koshino et al., 2005). Also, 
Just et al. (2004) suggest that localized overconnectivity may result in "hyperspecialized" 
centers that may be responsible for domain-specific expertise found in some persons with 
ASD (Just et al., 2004; Mottron et al., 2006). 
 Principle 3: Early Atypical Behaviors Have a Regulatory Function Toward 
Perceptual Input. One of the most noted unusual behaviors of young children with ASD 
is that of atypical visual behavior, both toward social information (Mottron et al., 2006) 
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and inanimate objects (Kanner, 1943). Mottron et al. (2007) suggest that the high 
occurrence of lateral glances in toddlers with autism and the impaired movement 
perception in adults with ASD are both attempts to reduce excess information and to 
hyper-focus on pertinent information relative to a task (Mottron et al., 2006). 
 Principle 4: Perceptual Primary and Associative Brain Regions are 
Atypically Activated During Social and Non-Social Tasks. Even during performance 
levels in the typical range, functional imaging (fMRI) studies show heightened activation 
in the visuoperceptual brain regions and reduced activation in regions associated with 
higher-order tasks. These findings have occurred in tasks that are both perceptual and 
non-perceptual and that involve stimuli that are both social and non-social (Mottron et al., 
2006). 
 Principle 5: Higher-Order Processing is Optional in Autism and Mandatory 
in Non-Autistics. In contrast to typically developing individuals, responses to cognitive 
tasks vary widely in persons with autism. This variability is essential in understanding the 
perception of persons with autism. The influence of higher-order perception over lower-
order perception defies the set of gestalt principles, global precedence, and categorization 
effects that researchers have observed in typically developing persons. 
 Categorical perception, one of the essential components of cognition, requires the 
ability to perceive similarities among stimuli and to categorize them despite their 
differences. Categorical perception, then, illustrates a top-down (pre-conceived definition 
of a particular category) influence over the discrimination or categorization of stimuli. 
Researchers found that persons with ASD performed equally as well as typically 
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developing individuals on both categorization and discrimination tasks of complex visual 
stimuli (Mottron et al., 2006). 
 Principle 6: Perceptual Expertise Underlies Savant Syndrome. Contrary to 
what one might expect, the actual number of potential savant skills is somewhat limited. 
These skills require a domain of information (such as a calendar), and cognitive processes 
that may engage with it, such as memory. They likely include list memorization of lists, 
3-D drawing, prime number detection, mental computation, memory for music, and 
improvisation. Mottron et al. (2006) suggest that individuals with savant syndrome utilize 
a bottom-up domain prioritization as opposed to a top-down approach that is motivated 
by self-reward rather than a social reward. Additionally, they posit that there are five 
components necessary for the development of savant syndrome: "a perceptually defined 
class of units, a brain-behavior cycle, expertise effects, implicit learning, and 
generalization to new material" (p. 36). Their proposed model of brain-behavior links a 
person's special interest with repetitive behaviors, fueling the development in expertise 
over time. This model is of particular interest in that it contrasts the more modular brain 
approach hypothesized by Johnson et al. (2002). The unusual, highly specialized, and 
often fascinating abilities demonstrated by savants may be better described as a form of 
autistic intelligence (Dawson, 2004; Mottron et al., 2006). 
 Principle 7: Savant Syndrome is an Autistic Model for Subtyping PDDs. 
Currently, there are no data to suggest a genetic explanation for the vast array of 
characteristics represented in ASD. Instead, knowledge about the perceptual properties 
that influence an ASD person's choice in a special interest may prove to be more helpful 
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than a medical deficit model (Mottron et al., 2006). 
 Principle 8: Enhanced Functioning of Primary Perceptual Brain Regions 
May Account for Autistic Perceptual Atypicalities. According to Mottron et al. (2006), 
a unique organization of the visual and auditory cortices may explain the atypical 
perceptual characteristics of persons with ASD. They suggest that superior functioning of 
the posterior regions of the visual cortex, a bias of the central regions of the visual cortex, 
and a bias of the primary auditory cortex may explain a "local default orientation, 
superior discrimination of physical dimensions, enhanced autonomy of perceptual 
processes, and superior expertise effects" associated with autism (p. 38). 
 Other researchers have argued that the principles set forth from Mottron et al. 
(2006) fail to account for other perceptual atypicalities noted in people with ASD 
(Plaisted Grant & Davis, 2009), including magnocellular processing and a higher 
threshold of motion perception coherence shown by individuals with autism (Milne et al., 
2002; Pellicano et al., 2004; Spencer, 2000). Plaisted Grant and Davis (2009) further 
contended that models proposing enhanced lower-level processing accompanied by 
deficient higher-level processing are too simplistic. They maintained that the perceptual 
processes used by persons with ASD are unique and cannot easily be codified as superior 
or inferior when compared to those used by typically developing individuals. In some 
cases, these atypicalities enhance perceptual performance, and in other cases, they 
perform poorly compared to typically developing individuals. Lastly, they emphasize the 
importance of perception research for the benefit of skill development for persons with 
autism and the tremendous societal, industrial, and economic impact resulting from that 
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development. 
Empathizing/Systemizing Theory (ES) 
 Proponents of the Empathizing/Systemizing theory attempt to encompass both the 
social and cognitive aspects of ASD into a single theory, as individuals with autism seem 
to show difficulty with cognitive and emotional empathy and social communication, as 
well as a pattern of restricted, repetitive behaviors (Baron-Cohen, 2006a, 2006b, 2008, 
2009, 2010; Baron-Cohen et al., 2009; Baron-Cohen et al., 2003; Baron-Cohen, 
Wheelwright, Hill, et al., 2001; Fields, 2011; Greenberg et al., 2018). Baron-Cohen, who 
introduced the Empathizing/Systemizing theory, explained these difficulties as an 
incongruence between systemizing (looking for patterns and existing systems) and 
empathizing (understanding and responding to another's thoughts and emotions). 
Individuals on the autism spectrum tend to have average or higher systemizing behaviors 
and lower empathizing than typically developing individuals. Both children and adults 
with ASD have shown high systemizing abilities.  
 Wheelwright et al. (2006) defined systemizing as “the drive to analyze, 
understand, predict, control, and construct rule-based systems” (p. 48). There exists a 
large body of evidence to suggest that people enjoy a systematic approach to explanations 
and problem-solving more than a socially contextualized approach (Fields, 2011). Gopnik 
(2000) suggested that the innate drive to seek explanation is so strong in autism that it 
rivals the physiological drives associated with nutrition, hydration, and sex. As a result, 
Baron-Cohen (2008) contended that if one can define truth as "precise, reliable, 
consistent or lawful patterns or structure in data," systemizing can be framed as a search 
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for truth, and individuals with autism are "strongly driven to discover the truth" (p. 69).  
 Baron-Cohen et al. (2003) defined a system as “something that takes inputs, which 
can then be operated on in variable ways, to deliver different outputs in a rule-governed 
way” (p. 361). There are at least six different kinds of systems that share a common 
process: Technical or Mechanical (e.g., associated with machines), Natural (e.g., leaves), 
Abstract (e.g., mathematics), Social (e.g., conventions of etiquette), Organizable (e.g., a 
collection), and Motoric (e.g., the stroke of a tennis racquet) (Baron-Cohen, 2006a; 
Baron-Cohen et al., 2003). 
 According to Baron-Cohen (2008), systemizing consists of five phases. The 
Analysis phase involves a standardized process of observing and storing input and output, 
engaging a low level of detail. Then, an Operation is enacted upon the input, and any 
resulting changes are then noted. In the Repetition phase, the same action is performed 
repeatedly on the input in order to test its validity. The observer then constructs a law 
based on the operation during the Law Derivation phase. Finally, upon further repetition, 
the observer will modify the law, or perhaps create a new law, based on the robustness of 
the proposed law. Baron-Cohen refers to this final phase as the 
Confirmation/disconfirmation phase. Systemizing works well where the changes are non-
agentive, and the variability is low, such as phenomena that are rule-governed, limited, 
and absolute. In these cases, the principles are rulebound and testable. Systemizing is less 
effective with agentive change, though, as agentive change involves outcomes that are 
highly variable and unpredictable, such as in the behavior of another person (Baron-
Cohen, 2008).  
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 While some researchers contend that systemizing is the best method for 
understanding the physical nature of our universe, they also believe that empathizing is 
the most salient way to understand and predict the social world (Baron-Cohen et al., 
2003). Baron-Cohen et al. (2003) defined empathizing as “the drive to identify another 
person’s emotions and thoughts, and to respond to these with an appropriate emotion” (p. 
361). Empathizing involves caring about the feelings of others and makes it possible to 
predict the behavior of another person. 
  Proponents of the empathizing system believe it to be present in all persons, and 
that it manifests differently depending on the individual. Baron-Cohen (2006b) posited 
that the empathizing system is comprised of six components as follows: the Intentionality 
Detector (ID) is an automatic response that recognizes the self-propelled movement of 
another as movement that is goal-directed, motivated by will (Premack, 1990), and is 
present by the age of 12 months (Gergely & Nádasdy, 1995). The Eye Direction Detector 
(EDD), found in the early stages of infancy, instantly determines whether an eye (or other 
stimuli that resemble an eye) is looking at the observer or looking at something else 
(Connellan et al., 2001; Vecera & Johnson, 1995). Found in infants as early as nine 
months old, the Shared Attention Mechanism (SAM) automatically determines if the 
observer and another individual are perceiving the same event (Scaife & Bruner, 1975). 
The Theory of Mind Mechanism refers to knowledge of another individual’s mental state 
(Baron-Cohen, 2006a) and is well-established in children by the age of four years 
(Wellman, 1990). The Emotion Detector (TED) allows for an individual to detect basic 
emotions in another person (Ekman et al., 1972) and is present in infants as young as 
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three months old (Wellman, 1990). Finally, The Empathizing System provides a 
mechanism for an empathic reaction to the emotional state of another (Baron-Cohen, 
2006a; Baron-Cohen et al., 2005). 
 The ES theory is similar to the WCC in its emphasis on detailed local processing. 
Rather than the impairment of local processing interfering with holistic understanding, 
Baron-Cohen suggested that attention to detail and pattern-seeking behaviors are attempts 
to understand the full complexities of a system (Baron-Cohen, 2006a, 2008, 2010). 
Furthermore, according to Baron-Cohen, this theory explains the social components of 
ASD (difficulty with empathy) and the cognitive components (rigidity and rituals, for 
example) of ASD (Baron-Cohen, 2010). Notably, Baron-Cohen (2010) recommended 
that teachers consider the ES theory when designing instructional methods in order to 
capitalize on the strengths of an individual with ASD (e.g., detailed understanding, 
interest in systems).  
Extreme Male Brain Theory (EMB) 
 In his publication “Die ‘autistischen Psychopathen’ im Kindesalter," Hans 
Asperger (1944) wrote, “The autistic personality is an extreme variant of male 
intelligence. Even within the normal variation, we find typical sex differences in 
intelligence…In the autistic individual, the male pattern is exaggerated to the extreme” 
(Frith, 1991). Partly inspired by Asperger’s casual observation, Baron-Cohen later 
introduced the Extreme Male Brain (EMB) Theory of ASD as an extension of the 
Empathizing-Systemizing Theory. According to the Extreme Male Brain hypothesis, 
cognition in males is higher in systemizing, cognition in females is more focused towards 
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empathizing, and that the cognitive style of both sexes of persons with ASD aligns much 
more with the male cognitive style (Baron-Cohen, 2005, 2006b, 2010; Greenberg et al., 
2018). Baron-Cohen (2005) and Baron-Cohen et al. (2005) described systemizing as “the 
drive to analyze a system in terms of the rules that govern the system, in order to predict 
the behavior of the system” (p. 820). Likewise, they defined empathizing as “the drive to 
analyze another’s mental states and to respond to these with an appropriate emotion in 
order to predict and respond to the behavior of another person” (Baron-Cohen et al., 
2005). 
Researchers conducting studies on both animals and humans found that 
differences in performance between males and females on some cognitive tasks indicate a 
biological foundation to account for such differences (Baron-Cohen et al., 2005). 
Researchers suggested that sexually dimorphic structural and functional brain differences 
are mainly due to the effect of fetal testosterone (fT), which enhances areas of the brain 
responsible for restrictive interests and systemizing (Auyeung et al., 2012; Hauth et al., 
2014). Researchers also found that the effects of fT negatively correlate with areas of the 
brain associated with empathy (Chapman et al., 2007), language, and social development 
(Knickmeyer et al., 2005; Lutchmaya et al., 2001). According to some neurological 
imaging studies, the brains of females with ASD are structurally and functionally similar 
to the brains of males (Baron-Cohen et al., 2014; Greenberg et al., 2018). 
 Like the Weak Central Coherence Theory, the EMB theory is grounded on the 
supposition that persons with ASD have a propensity to attend to detail. Baron-Cohen 
suggested that the WCC claim that hyper-attention to detail results in a lack of global 
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coherence could not support the fact that many people with ASD often can process how 
local features work together in a system. Many reports of high-level systemic and 
relational understanding in persons with ASD exist in the areas of mathematics, music, 
drawing, and syntax, and coding, for example (Baron-Cohen, 2002). Another criticism of 
the Weak Central Coherence theory is that it is founded on studies using linguistic 
context. Baron-Cohen argued that the social contexts of these studies require some ability 
to emphasize in order to determine meaning rather than to derive meaning from a set of 
rules that are predictable (Baron-Cohen, 2002).  
Music and Autism 
Ever since Kanner (1943) observed that many of his patients exhibited musical 
tendencies, researchers have shown interest in the connection between autism and music. 
In particular, researchers have used music perception and performance tasks to distill the 
theoretical models of autism. Additionally, researchers have shown interest in the types 
of musical skills preserved or not preserved in autism in an attempt to learn more about 
both cognitive processing and the unique cognitive style employed by persons with ASD. 
Music and Theoretical Models of Autism  
 The support for the Theory of Mind, Weak Central Coherence, Executive 
Function, Enhanced Perceptual Functioning, Empathizing-Systemizing, and Extreme 
Male Brain perceptual and neurobiological theories of autism rests largely on visual 
processing studies. Results for these studies indicate a visual processing bias for low-
level or detailed visual features for persons with ASD that are accompanied by either 
reduced or intact processing of global features when compared to typically developing 
70
controls (Simmons et al., 2009). Researchers suggest that the visual processing of simple 
features, such as static information, is enhanced in persons with autism while complex, 
dynamic visual information is diminished (Bertone et al., 2005). Compared to the visual 
domain, researchers know much less about how persons with ASD process auditory 
information (Ouimet et al., 2012). Additionally, the findings involving local versus global 
processing differences and the correlation between stimulus complexity and auditory task 
performance in persons with ASD are inconsistent (Ouimet et al., 2012).  
Of these six neurobiological and perceptual theories, two have been extended to 
include, to a significant degree, studies relative to the auditory domain and studies 
involving music: the Weak Central Coherence (WCC) and Enhanced Perceptual 
Functioning (EPF) theories. The WCC theory notes that individuals with ASD have a 
low-level perceptual bias, causing them to have difficulty constructing global meaning 
from local features. This perceptual bias predicts enhanced performance on low-level 
perceptual tasks at the expense of a diminished performance of global processing in 
persons with ASD. The evidence for this theory in the auditory domain remains unclear, 
however, and most importantly, it fails to consider the effect of stimulus complexity on 
perceptual processing in individuals with autism (Ouimet et al., 2012).  
 Like the WCC theory, the Enhanced Perceptual Functioning theory also includes 
an enhanced low-level perception in persons with ASD, but in contrast, predicts that 
global processing is intact. Instead, proponents of the EPF model posit that task 
performance is dependent on the amount of neural complexity needed to process the 
features of the stimulus (Bertone et al., 2005). Samson et al. (2006) hypothesized that, 
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like the visual domain, the same neural complexity factors described by the EPF would 
hold for the auditory domain as well. They predicted enhanced simple auditory 
perceptual processing in discriminating simple, non-complex pure tones and reduced 
processing of more complex stimuli, such as the broad spectral and temporal nature of 
speech in noise (Ouimet et al., 2012). Other studies on auditory processing in ASD have 
shown support for Enhanced Perceptual Functioning over the Weak Central Coherence 
theory (Bouvet et al., 2014; Foxton et al., 2003; Heaton, 2009; Heaton, 2003; Lense & 
Dykens, 2011). 
In addition to the lack of consensus about what constitutes local and global 
processing and or simple and complex stimuli for general auditory tasks, there is 
considerable debate as to what constitutes global processing in music (Foxton et al., 
2003; Heaton, 2005; Lense & Dykens, 2011; Ouimet et al., 2012) as well as simple vs. 
complex stimuli in music (Ouimet et al., 2012). One consistency in auditory research 
findings is the contrast between the exceptional musical abilities displayed in some 
individuals with autism and the reduced processing of social and complex sounds, such as 
those found in speech (Ouimet et al., 2012). Yu et al. (2015) investigated pitch 
discrimination abilities of Mandarin-speaking children with autism and typically 
developing children using event-related potential measures. Analysis of the 
electroencephalogram data revealed enhanced sensitivity to pitch in children with ASD 
during the non-speech stimuli; however, that enhanced sensitivity did not transfer to the 
speech stimuli condition even though Mandarin is a tonal language.  
 Researchers have often used musical stimuli to investigate local and global 
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processing differences in the auditory domain. A common judgment task, the interval-
contour task, has emerged in the literature as a standard measure of local versus global 
processing abilities (Ouimet et al., 2012; Peretz, 1990). In the interval-contour task, 
researchers ask listeners to judge whether or not two versions of a melodic segment are 
the same or different. Melodies that are not identical differ in one of two ways. First, they 
may be different because of a one-note difference, which would alter the interval 
structures between the notes that precede and follow it. Second, melodies may be 
different because the contour, or the aural silhouette of the rises and falls of the pitches in 
the melody, may have been changed. LaBerge (1981) and Dowling (1982) suggested that 
these two kinds of featural changes to pitch patterns correspond to local (either individual 
pitches themselves or the size of the intervals between them) and global processing 
(where the direction of the pitches is retained, but the values of the pitches themselves 
have changed) (Peretz, 1990). Researchers using the interval-contour task found that 
typically developing subjects identified global changes in the melodic structure more 
accurately and quickly than they did local, interval-specific changes (Fujioka et al., 2004; 
Schiavetto et al., 1999). Subjects with ASD showed heightened local processing but 
performed at par with the typically developing subjects during contour-specific global 
tasks (Heaton, 2005; Heaton, Pring, et al., 1999; Mottron et al., 2000). 
 Foxton et al. (2003) challenged the idea that the perception of melodic contour 
alone is representative of global processing. Instead, influenced by the work of Dyson 
and Watkins (1984), they posited that a gestalt form of auditory perception contained 
multiple features, such as the inclusion of pitch values and the time points of any 
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changes. Modeled after visual domain studies used under the WCC hypothesis, their 
global stimuli included absolute pitch values in addition to melodic contour. They sought 
to determine whether or not the gestalt perception of the whole influenced the perception 
of local features—in this case, directional change of pitches. Subjects were asked via a 
matching task to discriminate between three types of paired pitch sequences utilizing 
pitch direction change, including points of time for the change to occur, and absolute 
pitches. They determined that, in contrast with typically developing persons, individuals 
with ASD lack a gestalt melodic representation, in congruence with earlier findings by 
Heaton, Pring, et al. (1999) and Mottron et al. (2000). 
 Other researchers have challenged the use of interval contour stimuli as a viable 
marker for local versus global auditory processing. Justus and List (2005) called attention 
to the fact that altering the contour of a melody necessitates an interval (and pitch) 
change, which obscures the independence of the two processing types. They created a 
new set of nine-tone pitch sequences, consisting of three triplets, the design of which 
allows for the manipulation of either level without contaminating the other. Global 
changes involve only the first note of each triplet, and the local changes occur internally 
within the triplets themselves. Ouimet et al. (2012) adopted these stimuli when 
investigating discrimination abilities in typically developing children and children with 
ASD. They contended that, although their findings were congruent with earlier studies 
employing the interval-contour model, their conclusions provided more robust evidence 
because of the improved stimuli (Ouimet et al., 2012).  
 Researchers have also investigated neuro-biological markers to further 
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understanding of auditory processing differences in ASD (Marco et al., 2011). Recent 
findings using electroencephalogram and fMRI data suggest there may be separate 
systems for processing music and speech (Jiang et al., 2015; Lai et al., 2012; Patel, 2008, 
2012; Schelinski et al., 2016; Sharda et al., 2015; Yu et al., 2015). 
Enhanced Musical Skills in Autism 
 Two types of enhanced perceptual skills commonly observed in autism emerge 
from the literature: pitch identification and timbral discrimination. Musically trained and 
untrained individuals with ASD routinely outperformed typically developing controls 
during tasks investigating these particular skills. Whether these enhanced skills are due to 
increased attention or atypical cognitive and perceptual processes is not evident. 
Researchers have used music cognition and perception studies to investigate the 
plausibility of both the Weak Central Coherence (WCC) and Enhanced Perceptual 
Functioning (EPF) models of autism (Frith, 1989; Happé, 1999; Happé & Frith, 2006; 
Heaton, 2009). 
Absolute Pitch (AP) 
 Persons who possess absolute pitch have the unique ability to label (usually 
verbally) a single musical pitch or to produce a single musical pitch without the context 
of a reference tone (Heaton, 2009; Takeuchi & Hulse, 1993). The rate of absolute pitch 
prevalence in the general population is estimated to be quite rare at 0.01%, or one in 
10,000 individuals (Bachem, 1955; Profita & Bidder, 1988), and the nascence of absolute 
pitch is unknown (Baharloo et al., 1998; Deutsch & Dooley, 2009). While pitch 
identification by AP possessors is reported as being automatic and without effort, outside 
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factors such as register, familiarity, and timbre can affect accuracy rates in labeling tasks 
(Takeuchi & Hulse, 1993).  
 Applebaum et al. (1979) were the first to learn that individuals with ASD were 
capable of superior performance in a music task (Heaton, 2009). Researchers asked three 
children with autism and three age-matched typically developing controls to reproduce 
atonal pitch sequences. Two independent observers determined that the children with 
ASD performed as well or better than the musically trained controls (Applebaum et al., 
1979). 
 Zatorre et al. (1998) utilized Positron Emission Tomography (PET) and 
Functional Magnetic Resource Imaging (fMRI) techniques to identify a neural basis for 
AP. Twenty musically trained persons, 10 of which were self-reported AP possessors, 
completed an interval judgment task. Researchers utilizing neuroimaging techniques 
discovered the possibility of a unique pitch-to-verbal retrieval system in AP possessors. 
Inspired by these findings, Heaton et al. (1998) adopted a learning task where animal 
pictures were each paired with a specific musical tone. Twenty boys, 10 typically 
developing and 10 with autism were asked to match the pictures and tones. The boys with 
autism showed superior performance on the matching task. Additionally, their 
performance scores correlated positively to scores on the block design test portion of the 
Wechsler Intelligence Scales for Children (Wechsler, 1992), which researchers consider 
to be an indicator of WCC (Shah & Frith, 1993). They then posited that AP in persons 
with autism occurs as the result of low-level perceptual bias (Happé, 1999). Further 
replications of enhanced pitch perception studies in autism (Bonnel, 2003; Heaton, Pring, 
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et al., 1999; Heaton, Williams, et al., 2008; Heaton, 2003) failed to show significant 
correlations with block design scores, challenging the hypothesis of AP as a locally 
biased cognitive process (Heaton, 2009).  
 Although the etiology of AP in the general population is unknown, researchers 
posit the efficacy of early-learning in AP acquisition. There exists a negative correlation 
between the age of onset of musical training and the likelihood of AP acquisition as well 
as the ability to identify pitches accurately. It is a common assumption that, through early 
training, children learn to store pitch information and the associated note names into long 
term memory (Takeuchi & Hulse, 1993). Nevertheless, because children with autism are 
often able to achieve the same skill without musical training (Heaton, Williams, et al., 
2008), researchers suggest that there are distinctive processes for AP acquisition in 
individuals with ASD (Foxton et al., 2003; Heaton, 2009). The neural bases for absolute 
pitch and relative pitch acquisition in both ASD and typically developing populations 
remain poorly understood (Heaton, 2009; McDermott & Oxenham, 2008). 
Timbre 
 In an unpublished 2008 study cited in Heaton (2009), J. L. Ward asked typically 
developing children and children with autism to listen to paired sets of melodies and to 
state whether the melodies they heard were played by the same or different instruments. 
The ability to discriminate between different instruments is dependent on the ability to 
recognize the musical phenomenon of timbre. Sometimes called tone color, timbre refers 
to the quality of sound that occurs from the relative strengths and weaknesses of different 
overtones when produced from a particular sound source. Even though an oboe, a violin, 
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and a trumpet may all play the same pitch, the psychoacoustical, or timbral characteristics 
of the sounds allow an individual to identify the sound source. The paired melodies in 
Ward's study were classified as timbre-similar or timbre-dissimilar. Timbre-similar 
stimuli contained similar harmonic spectra and usually shared an instrumental familial 
relationship, such as a B-flat bass clarinet and an instrument from the saxophone family. 
Timbre-dissimilar stimuli consisted of contrasting harmonic spectra and came from 
unrelated instrumental families, such as a violoncello and a saxophone with an equivalent 
register. Ward found that children with autism showed enhanced sensitivity to timbral 
differences in the stimuli. While both groups showed statistically significant 
discrimination abilities in the timbre-dissimilar melodic samples, the children with autism 
outperformed typically developing controls when comparing timbre-dissimilar melodic 
stimuli, indicating enhanced perceptual skills, as per the EPF theory, for timbral 
discernment in instrumental stimuli. 
 Schelinski et al. (2016) investigated the abilities of typically developed adults and 
adults with ASD to discriminate timbral differences in non-musical speech stimuli. 
During a voice-identity task, subjects listened to recordings of sentences spoken by a 
target speaker. After having the opportunity to memorize the target speaker's voice, 
subjects heard recordings of twelve sentences spoken by either the target speaker or two 
other speakers. Researchers asked the subjects to identify whether or not the subsequent 
recordings were spoken by the target speaker. Subjects with ASD performed more poorly 
on the voice-identity task, indicating a significant impairment in voice-recognition 
identity; however, they performed at the same level as controls on a speech recognition 
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task. Schelinski et al. (2016) used neuroimaging techniques to investigate a possible 
neural basis for their findings. The behavioral results, along with fMRI data, provide 
further evidence that different neural systems may process music and speech in persons 
with ASD (Jiang et al., 2015; Patel, 2008, 2012; Schelinski et al., 2016; Sharda et al., 
2015; Yu et al., 2015). 
Preserved Musical Skills and Music Perception in Autism 
 Musical skills that have not been negatively affected by autism are said to be 
preserved. Researchers have found preserved musical skills at the global level through 
the ability to process chords and through the ability to recognize a familiar melody 
transposed to another key; through the syntactic system by recognizing hierarchical 
harmonic structures, in emotion, and also in auditory and motor synchronization.  
Global Preservation 
 Since Frith (1989) proposed a global processing deficit in her Weak Central 
Coherence theory of ASD, researchers have investigated the possibility of processing 
impairment in music at the gestalt level (Heaton, 2009). Individuals with autism showed 
global processing bias when processing chords (Heaton, 2003), in judging two melodies 
to be identical even though one of the pair incurred changes made at the local level 
(Heaton, 2005), and in identifying paired identical melodies as such, even when one was 
presented in a different key (Mottron et al., 2000). These studies collectively do not 
provide the necessary evidence of a global deficit to support Frith's original WCC 
hypothesis. Instead, they indicate the possibility that global processing is preserved in 
autism (Heaton, 2009). 
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Syntactic Organization 
 Like language, music is a robust syntactic system that impacts how we respond to 
and act on our musical environment. Persons who undergo rigorous training in the 
Western art canon learn how composers organize tones into chords, how chords function 
together to create chord progressions and tonal areas, and how composers organize key 
relationships hierarchically to create structure in extensive, multi-movement works 
(Patel, 2008). On a thematic level, musicians-in-training in this tradition learn how tones 
are combined linearly to form semantic content, and how composers use the intersection 
of vertical (harmonic) and horizontal (thematic) musical components to create a broad, 
conceptual structure in an attempt to engage even musically naive listeners in meaningful 
ways. 
 Researchers have shown much interest in how large-scale formal musical 
structures are processed cognitively (Farbood et al., 2015; Tillmann et al., 2000; Tillmann 
& Bigand, 2004; Tillmann et al., 1998). Heaton et al. (2007) replicated a study by 
Tillmann et al. (1998) investigating the processing of hierarchical chord structures at both 
local and global levels in musically naïve adults. The paradigm consisted of eight-chord 
sequences—seven harmonically related chords (six at the global level and one at the local 
level) followed by a single target chord related to either the global or local chords, or 
unrelated to either. Heaton et al. (2007) found that, like adults without musical training, 
children with autism perceived the target chord to sound correct when related to both the 
global and local chords, and fewer ASD children found them to sound correct when 
related to the global chords only. Finally, they consistently judged them to be incorrect 
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when unrelated to either level, suggesting that children achieve knowledge of the 
conventions that govern Western harmony (Heaton et al., 2007; Thaut, 1988).
Music and Emotion  
 Although some scholars argue that music is incapable of inducing feelings in 
listeners (Koelsch, 2010), others claim music can be a powerful force in evoking 
emotions (Gebauer et al., 2014). Regardless of the source, however, people do not 
necessarily experience emotions in the same manner. Persons with autism, known to 
exhibit social and cognitive deficits, often show impairments in emotion recognition both 
in facial expressions and in speech. Less is known, however, about whether or not those 
deficits occur in other areas of emotional-perceptual processing, such as those that 
contribute to the processing of emotional qualities of music (Gebauer et al., 2014). 
 Heaton, Hermelin, et al. (1999) compared the emotional responses of 14 children 
with ASD and a group of age- and intelligence-matched controls as they listened to 
melodic fragments. They found that subjects with ASD paired happy faces with major-
mode fragments and sad faces with minor-mode fragments at the same rate as their 
typically developing peers. In a subsequent study, Heaton, Allen, et al. (2008) extended 
the paradigm to include orchestral excerpts from the standard classical repertoire. 
Additionally, they expanded the array of pictorial representations to include both 
emotional states (anger, fear, love, triumph, and contemplation) as well as movement 
states (walking, jumping, climbing, running, and flying). Finally, the researchers 
expanded the subject groups to include typically developing children between the ages of 
4 and 10 years, typically developing adults without musical training, children and 
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adolescents with Down syndrome, and high- and low-functioning children and 
adolescents with autism. 
 Typically developing 4-year-olds in the movement category scored the lowest of 
any group; however, binomial results conducted on their scores showed their 
performances to be significantly above chance. Six-year-olds performed significantly 
better than 4-year-olds on the feeling state paradigm but significantly worse than the 8-
year-olds. Differences in the performance levels between the 8-year-olds, 10-year-olds, 
and musically untrained adults were not significant. These findings suggest that the 
perception of emotional meaning in music increases with development until the age of 8, 
at which point typically developing children share the same degree of emotional 
understanding in music as do musically naïve adults. Typically developing children and 
adults both scored better on the emotional states matching paradigm than they did when 
matching movement states with the excerpts. Subjects in the Down syndrome group 
performed poorly on the task, although significantly above chance level. Participants with 
ASD performed better on the feeling states than they did on the movement states, but in 
general, their performances were similar to their typically developing peers. Age was a 
better predictor of performance than the severity of diagnosis, the level of musical 
experience, or the level of musical exposure (Heaton, Allen, et al., 2008).  
 Quintin et al. (2011) conducted a similar emotion-recognition study and found 
similar results in adolescents with autism. The researchers asked subjects to match 
musical excerpts with facial expressions depicting one of four emotions: happy, sad, 
scared, or peaceful. Participants with ASD performed at the level of their typically 
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developing peers, and there was no significant effect of severity of diagnoses on task 
performance (Quintin et al., 2011). 
 Allen et al. (2009b) proposed that the majority of the emotion recognition studies, 
like those by Quintin et al. (2011), were much too limited in scope. The paradigms used 
were limited to the conventional associations between music and emotions, yielding very 
little insight into the subjects' personal experiences with music. To broaden the scope, 
they adopted a qualitative approach using semi-structured interviews and a questionnaire 
to learn about the musical experiences across the lifespans of 12 adults with ASD. 
Qualitative data were analyzed using the grounded theory approach developed by Glaser 
and Strauss (1967). Researchers found that the subjects used music much in the same 
manner as typically developed adults, including mood modulation, mood manipulation, 
and social belonging. They found one salient difference, however, which is that the 
subjects universally described their experiences without a reference to valence 
(happy/sad). Typically developing individuals tend to describe their musical experiences 
along two axes, one of valence, and the other of arousal (Bigand et al., 2005). The ASD 
subjects in this study made judgments that tended to be more internal (arousal) than 
external (affective), supporting the claim made by Bowler (2007) that "individuals with 
ASD seem to engage in less top-down processing when making perceptual judgments, 
that is to say, their reactions to the world are based on information that is closer to the 
properties of the incoming stimulus" (p. 246). 
 Most of the leading theories of autism acknowledge that individuals with autism 
possess emotions without deficit, but that persons with ASD have difficulty attributing 
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emotions to other people, imagining emotions that they are not experiencing themselves, 
and describing emotions through the use of language (Zangwill, 2013). Experts have 
projected that 85% of persons with autism are unable to identify their own emotions, 
even though the presence of emotions in ASD is seemingly unimpaired. The inability to 
fluently discuss one's emotions is a condition known as alexithymia, which means 
literally “without words for emotions” (Allen et al., 2012, p. 433). There are two types of 
alexithymia (I and II), and it is type II that is vastly comorbid in ASD. An individual with 
Type II alexithymia experiences the normal affective states of emotions but simply is 
unable to access the language necessary to articulate them (Allen et al., 2012; Bird et al., 
2010; Gebauer et al., 2014; Hill et al., 2004; Vorst & Bermond, 2000; Zangwill, 2013).  
 Given the high comorbidity rate of Type II alexithymia and autism, questionnaires 
and other types of verbal reporting measures regarding emotional experiences with music 
may therefore be unreliable and inappropriate (Allen et al., 2012; Zangwill, 2013). In 
addition to replicating the verbal measures employed by Quintin et al. (2011), Allen et al. 
(2012) introduced a paradigm to measure the arousal of the autonomic nervous system 
using the Galvanic Skin Response test (GSR) in typically developing adults and adults 
with ASD. The GSR measures arousal levels through changes in skin conductance that 
occur as a result of listening and responding to music. Additionally, they assessed the 
level of alexithymia in each subject and found no significant between-group differences 
on the physiological measures. The ASD group scored significantly lower on the verbal 
measures, however. Once researchers included the alexithymia scores as a mediating 
variable, they found no group differences, just an inability of the subjects with ASD to 
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articulate them (Allen et al., 2012). 
 Gebauer et al. (2014) used neuroimaging techniques to investigate potential 
neural correlates associated with processing emotions in music. Nineteen adults with 
ASD and 20 typically developed adults participated in an emotion recognition study, 
which functional magnetic resonance imaging (fMRI) measures as well as behavioral 
measures. While they found no significant difference in behavioral ratings on in the 
neural networks recruited during the listening task, they found increased activity in the 
dorsolateral prefrontal regions as well as the Rolandic operculum/insula. Together these 
findings suggest that persons with ASD show increased physiological arousal and 
cognitive processing when responding to emotional music stimuli (Gebauer et al., 2014).  
Auditory and Motor Synchronization 
 Studies on auditory-motor integration in autism are mostly limited to speech-
related auditory-motor investigations utilizing gross motor and complex speech tasks. 
Results from these studies suggest that auditory-motor integration has been somewhat 
affected in individuals with autism. Researchers have recently begun investigating the 
performance of individuals with ASD on non-verbal auditory-motor synchronization 
tasks (Tryfon et al., 2017). Previous studies indicate that auditory-motor synchronization 
improves with age in typically developing children (Drake et al., 2000), but how 
development affects auditory-motor synchronization in ASD is unclear (Tryfon et al., 
2017). 
 Using a tapping task paradigm, Tryfon et al. (2017) investigated auditory-motor 
rhythm synchronization group differences between ASD and typically developing boys, 
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and the effect of age on task performance in each group. The results showed that non-
verbal auditory-motor synchronization is intact in ASD. Both groups performed similarly, 
with the level of performance inversely related to the level of rhythmic complexity. 
While there may be other developmental differences across speech-related auditory-
motor synchronization, the developmental trajectory of rudimentary rhythmic 
synchronization appears to be stable in individuals with ASD (Tryfon et al., 2017). 
Perceptual Musical Skills Likely Not Preserved in Autism 
 Nash (2008) replicated the study by Heaton et al. (2007) and added a variable to 
the stimuli by playing some of the chord progressions at a slower tempo. Some of the 
children with autism showed a global bias when the stimuli were presented at a moderate 
tempo but not so when performed more slowly. Heaton et al. (2007) posited that there 
exists a subgroup of persons with ASD who suffer a musical impairment as a 
consequence of a temporal processing deficit. In a similar study utilizing several 
paradigms, including a target chord protocol with both highly musically trained and 
musically naïve adults, Tillmann and Bigand (2004) found that all subjects, despite their 
levels of expertise, had trouble connecting events separated by long periods. They 
suggested that local structures are more important than global structures in music 
perception and that the comprehension of temporal structures, even with children, seems 
to be associated with events that are bound closely in time (Tillmann & Bigand, 2004). 
Finally, while duration judgment concerning time has not been extensively examined in 
ASD, some researchers have found deficits in individuals with ASD regarding the ability 
to judge duration (Szelag et al., 2004). Others have found that the perception of time in 
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large segments is intact in both children and adolescents with autism, and the ability to 
accurately reproduce time may serve as a cognitive asset in ASD (Wallace & Happé, 
2008). 
Musical Savantism in Autism 
Researchers generally believe absolute pitch (AP) to be a low-level processing 
task. Although some studies found conflicting results, researchers believe there to be a 
higher occurrence of AP in individuals with ASD, as exhibited by unusually high 
sensitivity to the slightest gradations in pitch (Heaton, 2005, 2009; Lense & Dykens, 
2011). Heaton, Williams, et al. (2008) proposed that these individuals with specialized 
skills comprise a genetic subgroup within the spectrum. While AP cannot be considered a 
reliable indicator of musical talent in the general population, it is generally concomitant 
in autistic musical savants (Heaton et al., 1998). Although the underlying bases for these 
observations are unknown, researchers suggested that the auditory systems of persons 
with ASD work differently than those of typically developing persons (Foxton et al., 
2003).  
Autism, Talent, and Musical Behaviors 
In his initial account of his first 11 patients with autism, Kanner (1943) noted that 
six of them exhibited active and sometimes prodigious musical engagement. In one case, 
Kanner described a child 2-and-a-half-years-old who could sing 20 to 30 songs. In 
another, he recounted in detail a child who could recognize composers of pieces and 
discriminate between 18 different symphonies by the age of one and a half years (Heaton, 
Allen, et al., 2008). Since then, researchers have reported atypical interest and musical 
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skills of ASD individuals through case studies spanning over half a century (Lense & 
Dykens, 2011).  
Not all individuals with autism exhibit hyper-musical behavior, however (Allen et 
al., 2009a). Esteemed autism self-advocate Temple Grandin maintained that she did not 
understand music, suggesting there may be a subtype with limited musical engagement 
and understanding (Allen et al., 2009a; Sacks, 1996). Researchers posit that a subset of 
the autism phenotype exhibiting few if any musical engagement behaviors would likely 
be in the minority (Allen et al., 2009a). Except for one study of one qualitative study 
regarding one ASD student’s experience in choir, researchers know practically nothing 
about the underlying neurobiology regarding musical engagement in persons with ASD 
(Haywood, 2006; Lense & Dykens, 2011). 
An individual is considered to have talent when they possess and develop a skill. 
Additionally, one might be considered to be talented when they show an aptitude in one 
or more sensorimotor or cognitive domains, such as music, math, or athletics 
(Kalbfleisch, 2004). Researchers seem to agree that talent formation in autism is critically 
dependent upon the ability to process information at the local level (Happé & Frith, 
2010). Happé and Frith (2010) posited that attention-to-detail and memory-as-skill 
precede talent in both typically developing individuals and individuals with ASD. Baron-
Cohen et al. (2009) hypothesized that the tendency to hyper-focus, supported and 
influenced by enhanced sensory perceptions, promotes exploration and mastery of 
systemic knowledge. Mottron et al. (2009) proposed that pattern detection and other 
systemic recognition abilities via the Enhanced Perceptual Functioning theory lay the 
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groundwork for savant skills in autism. Finally, neuro-biological considerations may 
explain the perceptual and cognitive differences that promote talent in ASD (Happé & 
Frith, 2010; Plaisted Grant & Davis, 2009) and typically developing persons (Kalbfleisch, 
2004).  
Autism and Talent 
Of all the characteristics associated with autism, none has received more 
admiration and public attention than the exceptional talents that sometimes occur with the 
disorder. Countless reports of persons with ASD possessing special abilities in music, 
math, art, and memory have been popularized in the media and through personal 
accounts. Despite the widespread fascination with these often-remarkable abilities, 
existing research regarding their etiology and phenomenology is limited. As a result, the 
occurrence of exceptional talent in autism is poorly understood (Happé & Frith, 2010). 
Savant Skills 
 Treffert (2009) defined savant syndrome as an “island of genius” in a person with 
severe mental disabilities, such that its existence is incongruous with and in marked 
contrast to that person’s overall disability. Estimates regarding the prevalence of savant 
syndrome vary from 1 in 10 autistic persons (Rimland, 1978) to 1 in 200 (Hermelin, 
2001). Given that savant syndrome is not limited to autism and that Down’s syndrome 
and other types of developmental disabilities are more prevalent than ASD, a more 
plausible estimate is that 50% of savants have ASD and 50% some other type of 
developmental disability. Additionally, males with savant syndrome outnumber females 
at an approximate ratio of 6:1 (Treffert, 2009).  
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Rimland (1978) noted that musical ability was the most frequently parent-reported 
skill in his sample of 543 children with savant skills. Other parents described their 
children's skills in art (mostly drawing, painting, or sculpting), calendar calculating, quick 
and effortless mathematical calculating (including prime number), or mechanical or 
spatial skills (including the ability to measure differences without the aid of devices). 
Other skills reported with less frequency include prodigious language acquisition, unique 
discrimination abilities in sensory modalities (including olfactory, haptic, vision, or 
synaesthesia), perfect time judgment, and extensive, field-specific knowledge such as in 
navigation or statistics (Rimland, 1978; Treffert, 2009).  
Most often, persons with savant syndrome possess a single specific skill, but 
reports of multiple skills do exist, particularly in cases where savant syndrome 
accompanies ASD. Regardless of the skill or skills involved, one common thread is that 
extensive memory accompanies each skill as related to that particular skill. Furthermore, 
while skill-specific memory is an integral component of savant syndrome, it cannot 
account entirely for the phenomenon (Hermelin, 2001; Nettlebeck & Young, 1999; 
Treffert, 2009).  
Treffert (2009) posited that savant skills occur in a spectrum, and of these, 
splinter skills occur most often. Splinter skills involve some of the features commonly 
found in ASD, including a preoccupation with a particular interest or interests, 
categorization, and memorization. Commonly reported splinter skills include music 
memorization, trivia, license plate numbers, and historical facts, or obscure domains such 
as vacuum cleaner or engine sounds (Treffert, 2009). Treffert (2009) proposed that savant 
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syndrome consists of two categories, talented savants and prodigious savants. Talented 
savants are cognitively impaired persons whose abilities are well developed, presenting a 
stark contrast when compared to their level of disability. The label of prodigious savant 
is reserved for those infrequent occasions when the level of ability is so phenomenal that 
it would be considered exceptional in an unimpaired individual. The autistic artist 
Stephen Wiltshire is one such prodigious savant. Stephen possesses a remarkable ability 
to reconstruct visual scenes, such as city skylines, from memory after a single, brief 
viewing. Wiltshire can recreate scenes with incredible detail, right down to the numbers 
of windows on each building. His abilities would likely be considered profound in any 
individual, and the fact that he is cognitively impaired makes his gifts even that more 
remarkable (Hermelin et al., 1999; Pring et al., 1997; Treffert, 2009). 
Non-Savant Skills 
A key question related to why some individuals with ASD develop savant skills is 
why others with ASD do not develop savant skills (Happé & Frith, 2010). Snyder (2009) 
contended that all persons are capable of developing savant skills. While the same 
information is present in all brains, the ability to access all of it, including that which 
resides in the unconscious, is not universal. Snyder argued that savants can access raw, 
unprocessed information before it has been operationalized, transformed, and re-
packaged, and is therefore subject to bias. This processual ability to construct the whole 
from parts lays the foundation on which genius-level thinking in autism is developed 
(Snyder, 2009). 
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Neuroimaging Studies Related to Savant Syndrome 
 Snyder (2009) used repetitive transcranial magnetic stimulation (rTMS) to induce 
a savant-like state in typically developing subjects. He sent electromagnetic signals to 
disable each subject's frontotemporal lobe temporarily; an area thought to be implicated 
in individuals with savant syndrome (Miller et al., 1998; Miller et al., 1996). By 
purposefully inhibiting the neural networks responsible for the attachment of meaning 
and labels to information, Snyder hypothesized that networks associated with detail could 
then be accessed, mimicking his “privileged access” hypothesis of ASD (Snyder, 2009). 
He determined that only some of the participants made slight improvements in a counting 
memory task. Other researchers reported similar findings. Young et al. (2004) found 
improved skills in memory, math, drawing, and calendar calculating while also using 
rTMS to interrupt signals from the frontotemporal lobe, but only in 5 of 17 participants. 
Both studies taken together indicate weak support for Snyder's privileged access theory. 
In general, researchers know very little about the brain in autistic savants (Happé & Frith, 
2010). 
Researchers using neuroimaging techniques to investigate savant calendar 
calculators discovered no structural abnormalities and no recruitment of unusual areas of 
the brain when performing calculations. As a result, researchers hypothesize that practice 
and study are the main effects driving performance in calendrical calculations and non-
savant mathematical skills (Cowan & Frith, 2009; Wallace et al., 2009).
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Practice and Motivation in Autism 
If practice is responsible for skill acquisition in individuals with savant syndrome, 
then the question becomes whether or not anyone could achieve the same level of 
expertise with enough practice (Happé & Frith, 2010). In a neuropsychological 
assessment/neuroimaging study in the domain of memory, Woollett et al. (2009) 
examined skill acquisition and expertise in London taxi drivers and the accompanying 
neural signatures associated with skill use and development of expertise. Unlike taxi 
drivers in other cities, London taxi drivers must memorize an extensive layout consisting 
of over 25,000 streets and thousands of tourist attractions in order to pass a rigorous set 
of examinations set by the London Public Carriage Office. Given the fact that there were 
over 25,000 licensed taxi drives at the time, Woollett et al. (2009) suggested that 
acquiring such sophisticated knowledge can be accomplished by many people, and their 
sampling confirms the IQ level to be average. Using Functional Magnetic Resource 
Imaging (fMRI) techniques, they found changes in the hippocampus in drivers of average 
intellectual ability who had memorized the intricate street map; however, those changes 
disappeared upon the drivers' retirement. Roughly two-thirds of the recruits were unable 
to gain the requisite map knowledge to complete the licensure training, suggesting that 
those drivers who do gain the required knowledge possess a preexisting talent. 
Researchers posited that preexisting potential may be necessary to acquire some skills 
and that equal amounts of practice may result in highly varied outcomes in different 
people (Happé & Frith, 2010; Woollett et al., 2009). The motivation for practice may 
play an important role in skill acquisition; however, motivation in savant syndrome is 
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poorly understood (Biever, 2009; Happé & Vital, 2010).
Video Modeling and Autism 
 Proponents of video modeling as an educational practice assert that its use is 
founded on Albert Bandura’s (1977) Social Learning Theory (Corbett, 2003; Corbett & 
Abdullah, 2005). The guiding principle behind Bandura’s theory is that behavioral 
learning occurs through the observation and imitation of other people. Cognitive and 
behavioral changes that result from observing others perform analogous actions is known 
as observational learning (Bandura, 1986). The process of modeling occurs when an 
individual demonstrates behavior capable of being imitated. Performed by an individual 
or another source, modeled behavior can be imagined, presented live (in vivo), or via 
audio or video recordings (Corbett & Abdullah, 2005). 
 According to Bandura (1986), observational learning consists of four specific 
processes: attention, retention, production, and motivation. Attention involves the process 
of taking in and focusing on sensory stimuli in order to perceive an action or event 
meticulously. Retention refers to the process by which the modeled behaviors are 
internally organized into meaningful representations and then committed to memory. 
During the production process, the observer actively imitates and practices the observed 
behavior. The motor production process occurs as the stored representations are 
converted into actions. The underlying components of the action must be matched 
somewhat to the ability levels of the observer, and the learner may require feedback in 
order to perform the desired behavior accurately. Finally, the process of motivation 
occurs when reinforcement accompanies learning. The behavior may be more likely to be 
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preserved when accompanied by external reinforcement (e.g., edibles or social 
reinforcement), vicarious reinforcement (by learning from the successes or failures of 
others), or by reinforcement that is self-produced, such as a self-imposed reward or some 
type of self-punishment (Corbett & Abdullah, 2005). 
 Modeling through video recordings is an effective and reliable intervention that is 
well-documented in the behavioral science literature (Bellini & Akullian, 2007; Corbett 
& Abdullah, 2005). Video modeling refers to the process by which observational learning 
occurs through the use of a video recording. In video modeling, an individual observes a 
video recording and imitates the behavior modeled on the recording. Examples of models 
traditionally used in video modeling include peers, adults, siblings, or the self (Bellini, 
2006; Corbett & Abdullah, 2005). 
 Video modeling has been especially useful in teaching many skills to individuals 
with ASD, including the behavioral interventions of facilitating affectionate statements 
(Charlop & Walsh, 1986), the acquisition and improvement of conversational skills 
(Charlop & Milstein, 1989). Additionally video modeling has been found to be beneficial 
in teaching skills used in play in and social settings (D'Ateno et al., 2003; Taylor et al., 
1999; Wert & Neisworth, 2003), academics (Kinney et al., 2003) and in processing 
emotions (Corbett, 2003). 
 Researchers have hypothesized the efficacy of video modeling upon several 
distinctive features commonly found in autism (Corbett & Abdullah, 2005), including 
stimulus over-selectivity (LeBlanc et al., 2003; Lovaas et al., 1979), a visual field of 
focus that is restricted (Buchsbaum et al., 1992; Casey et al., 1993; Garretson et al., 
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1990), a preference for visual information (Kinney et al., 2003; Shipley-Benamou et al., 
2002), and the avoidance of face-to-face interaction (Charlop-Christy et al., 2000). 
Researchers have also determined that visually-oriented instruction aids individuals with 
autism (Quill, 1997) and have hypothesized the existence of a robust visual processing 
bias over verbal processing ability (Asarnow et al., 1987; DeMyer et al., 1974; Freeman 
et al., 1985; F. G. Happé, 1994; Lincoln et al., 1988; Shah & Frith, 1983).  
 Corbett and Abdullah (2005) hypothesized that video modeling not only supports 
the attentional, retentional, production, and motivational processes of Bandura’s 
observational learning theory, but is suitable for use in individuals with autism. The use 
of a television or video monitor naturally presents a restricted field of focus, which seems 
to help the observer attend to and focus on the targeted stimuli (Charlop-Christy et al., 
2000; Dowrick, 1991; LeBlanc et al., 2003; Shipley-Benamou et al., 2002). In addition to 
assisting the observer focus on the desired stimuli, extraneous, undesired auditory and 
visual stimuli are excluded, allowing the observer to fully attend to the intended stimuli 
(Corbett & Abdullah, 2005).  
 Along with facilitating attention, researchers have suggested that video modeling 
easily facilitates repetition, resulting in the retention of the desired behavior (Corbett & 
Abdullah, 2005). Customarily, video modeling interventions include repeated 
presentations of the targeted behavior, and repeated exposure to the stimulus helps 
commit the behavior to memory. By concurrently introducing additional stimuli in vivo, 
the observer may be able to transfer the rehearsed behavior to live modeling (Dowrick, 
1991; Taylor et al., 1999; Thelen et al., 1979) ultimately promoting the production of the 
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desired behavior (Corbett & Abdullah, 2005). 
 In addition to attention and retention, video modeling promotes behavioral 
production because it provides a vehicle through which the individual can practice the 
targeted behavior. Several interventions have utilized the opportunity for practice in 
video modeling in adults with mental retardation (Rehfeldt et al., 2003) and children with 
autism (Kinney et al., 2003; Nikopoulos & Keenan, 2003; Nikopoulos & Keenan, 2007; 
Shipley-Benamou et al., 2002; Wert & Neisworth, 2003). Additionally, the use of video 
modeling from the first-person perspective has been effective in teaching life skills to 
children with ASD (Corbett & Abdullah, 2005; Shipley-Benamou et al., 2002). 
 Finally, because many consider video watching to be an everyday recreational 
activity, people may readily and comfortably engage with it as an intervention (Corbett & 
Abdullah, 2005). Researchers have suggested that children with autism may be naturally 
motivated to watch videos and that reinforcement may be an inherent byproduct of the 
video watching process (Charlop-Christy et al., 2000; Corbett, 2003; Corbett & Abdullah, 
2005; D'Ateno et al., 2003; LeBlanc et al., 2003; Wert & Neisworth, 2003). Moreover, 
children with autism often exhibit an extreme propensity for television and video 
watching, to the point where enforcing moderation for this proclivity has been known to 
produce much parental stress (Corbett & Abdullah, 2005; Nally et al., 2000).  
 In summary, researchers have found that video modeling in children with autism 
produces quicker skill acquisition and better generalizability than in vivo modeling 
(Bellini & Akullian, 2007; Cardon & Azuma, 2012; Charlop-Christy et al., 2000; Corbett 
et al., 2011; Corbett et al., 2014). Furthermore, they have suggested that typically 
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developing children also benefit from video modeling (Corbett & Abdullah, 2005; 
Nikopoulos & Keenan, 2007). Aside from speculations regarding the advantages of a 
restricted field of focus, limited social interaction, allowance for repetition, and increased 
motivation, why video modeling seems to be of particular benefit to persons with ASD is 
not yet clearly understood (Corbett & Abdullah, 2005). Regardless, there exists ample 
evidence to support the notion that video modeling strategies meet sufficient criteria to 
qualify as an evidence-based practice for skill acquisition in ASD (Bellini & Akullian, 
2007). 
Sensory/Multisensory Integration, Crossmodal Correspondence, and Autism 
 The term amodal refers to features of a stimulus that may be perceived by more 
than one sense, such as a physical object (Spence, 2011). In contrast, modal or unimodal 
refers to stimulus features that are traditionally perceived by a single modality, such as 
the pitch of a particular sound or the color of a particular light (Spence, 2011). When 
different senses receive information about a single stimulus, the possibility of sensory 
integration occurs (Spence, 2011).  
Sensory/Multisensory Integration 
Broadly, sensory integration describes the merging of information from different 
senses; this serves to reduce variability and thus increase the reliability of the subsequent 
coherent, unified perception (Ernst & Bülthoff, 2004; Iarocci & McDonald, 2006). For 
instance, receiving both tactile and visual information about an object creates an overall 
understanding of the object (Ernst & Bülthoff, 2004; Spence, 2011). Because the terms 
Sensory Integration and Multisensory Integration are used interchangeably in the 
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literature, both will be included under the same subsection in this review. 
Multisensory Integration in Autism 
Atypical sensory processing is a pervasive concern in clinical descriptions of 
autism (Iarocci & McDonald, 2006; Marco et al., 2011), and the American Psychiatric 
Association now recognizes it in the diagnostic criteria for ASD (American Psychiatric 
Association, 2013). In addition to visual and auditory unimodal sensory processing 
differences in autism, researchers have reported differences in tactile sensitivity in 
individuals with ASD, although it has received less attention from researchers of autism 
than seeing and hearing (Marco et al., 2011). Reports of atypical sensory processing date 
back to Kanner’s (1943) account and have been extended to and supported by those of 
parents, clinicians, and individuals with ASD. Those differences include over selectivity 
toward (Lovaas et al., 1979) and avoidance of sensory stimuli, hyper- or hypo- arousal to 
sensory input, and unusual attentional, physiological, and neurological responses to 
sensory tasks (Iarocci & McDonald, 2006). See Iarocci and McDonald (2006) for a 
review.  
 Much like the reported deficits in unimodal sensory processing, individuals with 
ASD may also have difficulty performing tasks that require the coordination of 
information received by more than one modality (Collignon et al., 2013). Multisensory 
illusions, where one sensory modality influences the perception in another, are thought to 
be particularly useful when assessing the strength of multisensory integration (MIS), or 
binding. According to R. A. Stevenson et al. (2014), the McGurk effect is the most 
frequently used illusion to investigate MSI in autism (Gelder et al., 1991; Iarocci et al., 
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2010; Irwin et al., 2011; Mongillo et al., 2008; Ryan A Stevenson et al., 2014; Williams, 
Massaro, et al., 2004; Woynaroski et al., 2013). The McGurk effect (McGurk & 
MacDonald, 1976) demonstrates the influence of vision on the perception of speech. In 
this study and subsequent replications thereof, participants watched a video containing a 
woman's face as she uttered the syllable [ga], upon which was dubbed an audio clip of the 
syllable [ba].  
Typically developed adult participants reported hearing [da], an illusory fusion of 
the two syllables. When the same subjects heard the audio track without visual input, they 
correctly identified the syllable as [ba], exactly as it was recorded. Findings from 
McGurk effect studies in autism have yielded inconsistent results. Zhang et al. (2019) 
performed a comprehensive meta-analysis of nine studies of the McGurk effect in autism 
as compared to typically developing controls. They found that age and task scoring 
techniques contributed to the reported inconsistencies. In controlling for these 
differences, they found a significantly weaker McGurk effect in autism across these 
studies.  
 Because social and communication processes differ in autism, there exists the 
possibility that these differences may act as a confounding variable in McGurk studies 
because the stimuli contain social information. As a result, other researchers have used 
the sound-induced flash illusion (SIFI) to examine multisensory integration in autism. In 
this condition, multiple auditory beeps simultaneously accompany a single flash of light 
(Shams et al., 2000). Upon hearing multiple beeps, observers report seeing multiple 
flashes, indicating the integration of both perceptual cues (Calvert & Thesen, 2004). As a 
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result, SIFI illustrates lower-level MSI without the confounding variable of social-
communication processing.  
 Using a single-flash two-beep FISI paradigm with cognitively-able children with 
ASD and typically developing controls, Foss-Feig et al. (2010) found that the ASD 
subjects were more likely to report the illusion as long as there was a considerable time-
delay between the two stimuli. These findings support the hypothesis that individuals 
with ASD require a wider multisensory temporal binding window. In contrast and 
through using a similar paradigm, R. A. Stevenson et al. (2014) found that children with 
ASD were less likely to report the illusion, suggesting that they are less able to bind low-
level auditory and visual signals. Their findings were consistent with those from other 
ASD multisensory processing studies both speech-related and non-speech related (Bebko 
et al., 2006; Boer et al., 2013; Kwakye et al., 2011; O’Connor, 2012; Ryan A. Stevenson 
et al., 2014; Woynaroski et al., 2013).  
Crossmodal Correspondence 
On a more complex level, responses by different senses to a singular (and 
possibly modal) stimulus can occur, such as associating small objects with high-pitched 
sounds (Spence, 2011). These responses can additionally occur on a more abstract level 
and convey such features as cognitive meaning or physical activity. This phenomenon, 
crossmodal correspondence, refers to different senses receiving and processing 
information from the same stimulus, either on a low level (from an amodal stimulus) or a 
higher-level involving semantics (Parise, 2016). A vital attribute of crossmodal 
correspondences is that they are shared by many people, and in some cases, are thought 
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to be universal (Spence, 2011). These correspondences may occur at low-levels (such as 
the association of small or bright objects with high-pitched sounds) or at higher, more 
abstract levels such as valence (Spence, 2011; Spence & Parise, 2012). 
 Research in the area of crossmodal correspondence is not new. Wolfgang Köhler 
and Edward Sapir independently investigated the association between shapes and 
nonsense words in 1929 (Spence, 2011). Sapir (1929) presented subjects with pairs of 
nonsense words with different vowel sounds and asked them to match the words with 
objects of various sizes. For instance, he found that subjects tended to associate the word 
“mal” with larger objects and the word “mil” with smaller objects, indicating crossmodal 
associations between vowel sounds and size (Sapir, 1929, p. 227). Köhler (1929) 
investigated subjects’ associations of two drawings, one rounded and one angular with 
the nonsense words “Baluma” and “Takete.” He found that people matched “Baluma” 
with the rounded shape and “Takete” with the angular shape (Köhler, 1929). 
Ramachandran and Hubbard (2001) replicated Köhler’s study with similar findings. They 
used shapes similar to Köhler's and substituted the words "bouba" and "kiki," 
respectively. Ramachandran and Hubbard dubbed the phenomenon the bouba/kiki effect 
and suggested that there may be neurological factors underlying crossmodal responses 
(Spence, 2011). Ramachandran and Oberman (2006) found that children with autism 
performed poorly on the bouba/kiki task and suggested that the mirror neuron system is 
involved in both autism and the ability to match shapes and phonemes. Occelli et al. 
(2013) similarly investigated matching of shapes and phonemes in children with autism 
using the takete/maluma (bouba/kiki) task; however, they divided participants with ASD 
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into “high-functioning” (with a mean IQ of 93) and “low-functioning” (with a mean IQ of 
66) groups. They confirmed that participants with ASD in both the high- and low-
functioning groups performed poorly on the task when compared to typically developing 
children; however, only the low-functioning group made the expected bouba/kiki 
associations at a lower than chance level. The authors speculated that the use of verbal, 
written material may have impacted children with cognitive delays and ASD in the 
bouba/kiki task performance and suggested that future crossmodal studies in ASD utilize 
non-verbal tasks to control for this possible confounding variable.  
 Crossmodal correspondences have been found to occur between virtually every 
possible pair of sensory modalities (Spence, 2012). While the majority of crossmodal 
correspondence studies have focused on the audio/visual stimuli and visual/touch stimuli, 
considerable research has been conducted on crossmodal correspondences between other 
pairings (Spence, 2011). Examples of these pairings include pitch with elevation in space 
(Mudd, 1963; Pratt, 1930; Roffler & Butler, 1968), music and pictures (Cowles, 1935; 
Karwoski et al., 1942), vision and touch (Martino & Marks, 2000; Morgan et al., 1975; 
Simner & Ludwig, 2009; Walker et al., 2010), audition and touch (Walker & Smith, 
1985; Yau et al., 2009), flavors and sound (Bronner et al., 2008; Bronner et al., 2012; 
Crisinel, 2010; Crisinel & Spence, 2009, 2010; Holt-Hansen, 1968, 1976; Mesz et al., 
2011; Rudmin & Cappelli, 1983; Simner et al., 2010), colors with odors (Gilbert et al., 
1996; Kemp & Gilbert, 1997; Spence, 2010) colors and flavors (see Spence et al., 2010, 
for a review), shapes with flavors (Gal et al., 2007; Gallace et al., 2011; Spence & 
Gallace, 2011; Velasco et al., 2015), shapes with odors (Seo et al., 2010), and pitch with 
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odors (Belkin et al., 1997; Piesse, 1891; Spence, 2011; Von Hornbostel, 1927).  
 Although the literature contains some empirical studies regarding gesture, most 
involve iconic and semantic gesture. There are few quantitative studies that examine 
phonomimetic gesture, most of which focus solely on synchrony (Caramiaux et al., 
2010). Other phonomimetic research centers on the body’s responses to musical stimuli 
(Kohn & Eitan, 2009, 2012). Caramiaux et al. (2010) investigated participants’ body 
movements as they listened to sounds. Body movements were analyzed using motion 
capture data and compared to the amplitude of the sound files. They found a correlation 
between loudness and energy level in movement (Caramiaux et al., 2010). Erdemir, 
Bingham, et al. (2012) investigated the vocal responses of 36 typically developing adults 
to visual stimuli containing four of Rudolf Laban’s eight codified gestures. Participants 
watched video recordings of an expert conductor performing four contrasting gestures, 
punch, flick, float, and glide. The researchers then made audio recordings of their vocal 
responses. The audio recordings were randomized and judged by an expert panel of raters 
who were then asked to determine which of the video recordings each participant 
watched for each set of responses. The raters were able to determine which responses 
corresponded with each video with accuracy rates between 82% and 96% (Erdemir, 
Bingham, et al., 2012). Additionally, the categorization accuracy rates for participants 
without musical backgrounds were above 84%. Binomial tests conducted on the 
categorization accuracies for all four gestures showed that the results were above the 25% 
chance level (p<.00) (Erdemir, Bingham, et al., 2012). Researchers used Praat software 
(Boersma & Weenink, 2014) to extract spectral analyses of the responses, which included 
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amplitude, duration, pitch, and formant frequencies. The participants, with varying 
musical backgrounds, were able to perceive expressive features of the gestures and map 
their perceptions onto their motor systems by altering their vocal responses in a highly 
systematic way (Erdemir, Erdemir, et al., 2012).  
 In order to determine a possible correlation between the kinematic features of the 
gestures and the vocal responses, the researchers analyzed both using a computational 
data quantification method (Erdemir, Erdemir, et al., 2012). Researchers used a high-
resolution motion capture system (Vicon) to capture the motion data from an expert 
conductor as she performed the gestures. Five markers attached to the right arm of the 
conductor relayed position-data representing trajectories of stick figures. Researchers 
then extracted velocity profiles from these figures using a numerical differentiation 
algorithm. MATLAB (Mathworks, 2014) was used to extract root mean square (RMS) 
amplitude profiles of the audio recordings, which were then compared to the kinematic 
information using correlation analyses. These analyses showed a strong correlation 
between velocity profiles and their corresponding sound-energy profiles, ranging from 
r=.81 for punches and r=.97 for glides (Erdemir, Erdemir, et al., 2012). Researchers 
demonstrated a definable relationship between gesture and sound (Erdemir, Bingham, et 
al., 2012) and hypothesized that the mirror neuron system mediates this crossmodal 
relationship. How children younger than 18 years of age, with and without ASD, would 
perform on this particular task is unknown.
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Embodied Cognition 
 The idea that the body plays an essential role in cognition was first promoted in 
twentieth century psychology in 1916 by Margaret Floy Washburn. The first woman ever 
to earn a doctoral degree in psychology, Washburn pressed the need to connect bodily 
movement with the many attributes of mental life. Soon after, a group of behaviorists led 
by John B. Watson took things in an entirely different direction by removing the inner 
workings of the mind from scientific psychology. Although they did continue to study 
responses of the motor system, Watson and his contemporaries believed they should be 
concerned only with observable behaviors as opposed to attempting to figure out the 
internal workings of the mind. A reactionary movement began in the 1960s, however, and 
by 1988 a cognitive revolution was firmly established, leaving behaviorism in its wake. 
Unfortunately, in their haste to embrace mental processes, cognitivists tended to ignore 
the ideas Washburn put forth nearly a century before (Glenberg et al., 2013). 
 Presently, there exists within the field of cognitive science a resurgence of 
Washburn’s initial idea. This emerging notion is that cognition is embodied—where 
cognitive processes are deeply rooted in the body's interaction with the world—and that it 
is precisely those interactions that are responsible for shaping the mind (Shapiro, 2007; 
Wilson, 2002). This perspective is in stark contrast with traditional views in cognitive 
science, in which the brain was thought to be solely a processor of abstract information—
much like a computer—requiring no connections to the larger world. In this view, the 
roles of perceptual and motor systems were thought to be limited to that of input and 
output devices, and that these systems do not contribute to more extensive, centralized 
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cognitive processes (Shapiro, 2007; Wilson, 2002). More simply put, Wilson and 
Golonka (2013) describe embodied cognition as “the surprisingly radical hypothesis that 
the brain is not the sole cognitive resource we have available to us to solve problems." 
Additionally, they stated that "Our bodies and their perceptually guided motions through 
the world do much of the work required to achieve our goals, replacing the need for 
complex internal mental representations (p. 1). Sepp et al. (2019) stated that “Embodied 
Cognition asserts that cognitive processes, including information processing and learning, 
are inextricably linked with all forms of sensory input (not just sight and sound), 
including physical and environmental experiences of an individual” (p. 308). Finally, Iyer 
(2002) wrote, “In the embodied viewpoint, the mind is no longer seen as passively 
reflective of the outside world, but rather as an active constructor of its own reality” (p. 
389). 
 Early proponents of embodied cognition put forth six claims regarding the 
identification and definition of embodied cognition (Wilson, 2002). These aspects of 
cognition fall into two categories: online (where the mind serves the body in a potentially 
time-related, real-world situation), or offline, where sensorimotor resources assist in the 
formation of mental simulations that are removed from time and space. These six claims 
are as follows: 
 Cognition is situated. Cognition involves both perception and action, and it occurs 
in a real-world context. The exchange of perceptual information and action execution 
involved in driving a car is one such example of situated cognition. 
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 Cognition is time-pressured. Cognition involves interaction with the environment 
in a real-time setting as an extension of situated cognition, such as a response to a 
predatory attack. 
 Cognitive work is off-loaded onto the environment. Because our information 
processing skills are limited, we take advantage of the environment in order to reduce 
cognitive load. The use of gesture while speaking is one example of off-loading in that it 
seems to help the thought processes of the speaker. 
 The cognitive system includes the environment. The flow of information between 
the mind and the environment is rich and continuous. Cognition, therefore, is not 
confined just to the mind of the individual. Instead, it is dispersed across the entire body 
and to the environment as they interact, resulting in a unified system. 
 Cognition contributes to action. The purpose of the mind is to guide action in 
situation-appropriate ways. Some types of visual input can prime motor activity and 
activate covert motor representations even when actions are not required. The resulting 
information about the external world may be stored for future use even though the 
context of the use may unclear to the observer. 
 Offline cognition is based in the body. Sensory processing and motor control are 
still engaged in the mind even when uncoupled from the environment. These 
sensorimotor simulations of external conditions occur in mental imagery, working 
memory, episodic memory, implicit memory, and problem-solving (Wilson, 2002).  
 In The Stanford Encyclopedia of Philosophy, Wilson and Foglia (2017) noted that 
four distinct phenomena have driven embodied cognition research. They are as follows: 
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 People often gesture when speaking to one another. Gesture may not only assist 
in communicating, but it may also help to facilitate language processing (McNeill, 1992). 
 Vision often guides our actions. The visual system is more tightly coupled with 
the motor system and the feedback it provides than originally thought under traditional 
models of vision, and researchers posit that seeing is merely a way of acting as one 
explores one’s environment (O'Regan & Noë, 2001). 
 Mirror neurons fire when observing the actions of others. Observing someone 
perform an action activates the same neurons as when we perform the same actions 
ourselves. The mirror neuron system is responsible for the unique ability for humans to 
learn by imitation (Rizzolatti & Craighero, 2004). Sounds associated with actions can 
also activate the mirror neuron system (Kohler et al., 2002). 
 We may simplify cognitive processing through the motor system. By using our 
bodies and their environmental interactions, we may be able to better facilitate cognitive 
tasks and memory (Donald, 1991).  
 While traditional cognitive scientists adopt a centralized view of cognition, or that 
which embraces a detachment from the rest of the bodily mechanisms, embodied 
cognitivists posit that cognition relies upon more than just the brain (Eigsti, 2013; 
Shapiro, 2007; Wilson & Foglia, 2017). They hypothesize that involvement of the body, 
both through perception and action, is required to bring the richness and depth necessary 
to create meaningful representations (Wilson & Golonka, 2013; Wilson & Foglia, 2017). 
It is these four phenomena—gesture, the mirror neuron system, visual processing, and 
simplified cognitive processing as they inform motor learning—which provide the 
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cognitive foundation for the hypothesis in this study. 
Gesture 
 A considerable amount of literature exists on the use of culturally determined 
semantic gesture and language, both as it accompanies speech or in place of speech, as in 
the use of sign language (Goldin-Meadow, 1999; Ozcaliskan & Goldin-Meadow, 2005; 
Ozyurek & Kelly, 2007; Skipper et al., 2007; Willems & Hagoort, 2007). Gesture that 
accompanies speech is thought to be spontaneous and unconscious, while gestures used 
in place of speech are communicated consciously (Goldin-Meadow, 1999). Although 
these gestures communicate meanings that are thought to be culturally constructed, 
Kinsbourne (2006) argued that communicative gestures are based on biological 
constraints. Symbolic gesture and spoken word are thought to share the same 
communication system (Bernardis & Gentilucci, 2006; Goldin-Meadow et al., 2001), and 
researchers for decades have posited that gesture is firmly rooted in language (Goldin-
Meadow, 2005; Hostetter & Alibali, 2019; McNeill, 1992). 
 For over two Millenia, the topic of gesture has appeared in many scholarly 
domains, including rhetoric, philosophy, theatre, language, and divinity (Goldin
Meadow, 2011). Ekman and Friesen (1969) brought gesture to the attention of 20th-
century semioticians when they included it in their lexicon of nonverbal behaviors. These 
behaviors consist of affect displays (emotion), regulators (posturing), adaptors (leftover 
fragments of previously learned hand movements sustained by habit), and emblems 
(movements that serve as a substitute for speech, such as beckoning someone with a 
finger, or giving them a shush sign when a baby is sleeping--all nonverbal signals that 
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likely vary across cultures). The researchers used the term illustrator for gesture and 
referred to it as movement that 
 accompanies speech in order to reinforce what is being said verbally (Ekman & Friesen, 
1969; Goldin Meadow, 2011). 
 Subsequently, additional researchers have developed some systems to more 
thoroughly codify gestures by type (Ekman, 2004; Kendon, 2004; McNeill, 1992). The 
system proposed by McNeill (1992) has been used extensively by gesture researchers and 
includes four distinct types of gestures that accompany speech: iconic, metaphoric, 
deictic, and beat. 
Iconic gestures illustrate objects or events. Using two hands to show the size of an 
object and moving a hand upward to show the direction of an object's movement are both 
examples of iconic gesture.  
Much like iconic gestures, metaphoric gestures also communicate imagery, but 
the concepts they reference tend to be much more abstract in nature, such as knowledge, 
language, or narrative. Moving one’s hands up and down, palms upward, in an alternating 
fashion while talking about justice (as a reference to Scales of Justice) is an excellent 
example of metaphoric gesture (Silverman et al., 2017). Metaphoric gestures also tend to 
be much more complex than iconic gestures due to the abstract nature of the references. 
Deictic gestures involve pointing at objects, locations, or events as they exist in 
the natural world. While usually performed with an outstretched pointer finger, deictic 
gestures may also be performed with any part of the body or any extendible object. 
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Beat gestures do not communicate any particular meaning but instead are 
produced solely for emphasis. They are generally small, light, and usually performed 
with the hand or fingers.  
 In addition to the four commonly studied co-speech gestures, researchers often 
include a fifth type, which acts as a substitute for speech rather than that which 
accompanies speech. These emblematic gestures possess specific, culturally determined 
semantic content. Examples of emblems include but are not limited to pointing at one’s 
wristwatch or giving the “thumbs up” sign of approval. 
 In contrast, phonomimesis is a type of gesture that does not accompany speech—
nor does it convey semantic or cultural information. Long-time Juilliard School 
musicianship coach Robert Abramson described phonomimesis as “a sound for every 
gesture and a gesture for every sound” (R.M. Abramson, personal communication, July 
24, 2007). Émile Jaques-Dalcroze considered phonomimesis to be a hallmark of excellent 
musicianship, and phonomimesis is believed to be a critical factor in conveying non-
verbal musical meaning in conducting (Aubin, 2010; Daley, 2013). Linguists commonly 
refer to phonomimesis as onomatopoeia rooted in gesture (Stringer, 2011).  
 Gesture is also believed to play a significant role in thought (Hostetter & Alibali, 
2019; Kinsbourne, 2006; Seitz, 2000). Researchers found that gesture helped people 
retrieve words from memory, and that gesture reduces or perhaps shifts cognitive load so 
that attention can be allocated to other tasks (Goldin-Meadow, 1999; Goldin-Meadow & 
Wagner, 2005). The fact that people gesture when no one is watching, such as when 
speaking on the telephone, suggests that the role of gesture is more than communicative 
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(Jeannerod, 2006; Seitz, 2000). Researchers found that blind people gestured when 
speaking, even when speaking knowingly to another blind person (Goldin-Meadow, 
1999; Seitz, 2000). Researchers also found that hand gestures assisted learning in mental 
tasks (Goldin-Meadow et al., 2012), in acquiring a foreign language (Macedonia & 
Klimesch, 2014; Mavilidi et al., 2015; Stringer, 2011), in building receptive language 
skills in children with autism (Onur, 2011), and in mathematics (Cook et al., 2008; 
Goldin-Meadow et al., 2001). Additionally, speakers who gestured while learning tended 
to remember encoded information better than those who did not gesture (Cook et al., 
2010). Children who performed a gesture in a learning task remembered more than those 
who only observed the gesture, as long as the gesture conveyed useful information in 
solving the task (Goldin-Meadow et al., 2012). It is unknown, however, whether gesture 
will assist learning in all domains (Cook et al., 2008). 
Gesture and Autism 
Individuals with ASD show deficits in gestural imitation, social interaction, and 
communication (Wan et al., 2010). Researchers hypothesize that a dysfunctional mirror 
neuron system (MNS) contributes to this deficit (Hadjikhani et al., 2006; Oberman, 2005; 
Wan et al., 2010). See Hamilton (2013), however, for a review of counter-arguments 
involving the mirror neuron system. 
 Researchers have found gesture to be a useful tool to help students with autism in 
language acquisition. Onur (2011) found that using simple gestures along with verbal 
instructions helped ASD students acquire receptive skills much more effectively than 
verbal instructions alone.  
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Autism and Motion Perception  
 Few researchers have investigated motion perception processing in persons with 
ASD (Bertone et al., 2003). Gepner (1995) was the first to find motion perception 
impairments in persons with autism. Using a postural sensitivity paradigm, he found that, 
unlike their typically developing counterparts, children with ASD were able to neglect 
motional information. Whether the neglect was due to impairment in attention, visual 
processing, or both, was undetermined. Bertone et al. (2003) found that children with 
ASD had similar motion sensitivity to their matched non-autistic controls in first-order 
motion stimuli (simple motion detection); however, they found that sensitivity 
significantly decreased when observing stimuli requiring higher-order integrative 
functioning, such as second-order stimuli (biological motion). Following the Weak 
Central Coherence Theory of Autism, Spencer (2000) reported that children with ASD 
have a higher (luminance-based) motion coherence threshold than their typically 
developing peers and posited that a likely impairment in dorsal-stream functioning was 
the cause as it may mediate global (second-order) motion perception. 
Gesture and Young Children with ASD  
 Young children with ASD are slower in developing and understanding gestures 
than their typically-developing peers (Asperger, 1944; Bartak et al., 1975; Wetherby & 
Prutting, 1984), and generally use gesture less often than typically developing or 
developmentally delayed children (Bono et al., 2004; Camaioni et al., 1997; 
Mastrogiuseppe et al., 2015; Medeiros & Winsler, 2014; So et al., 2015; Stone et al., 
1997).  Researchers have found that young children with ASD do not employ deictic 
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gestures for shared attention, such as when pointing at an object to bring it to the 
attention of another person (Baron Cohen, 1989; Carpenter et al., 2002; Wetherby & 
Prizant, 2002). However, they do use deictic gestures when requesting something, such as 
a cookie (Baron Cohen, 1989; So et al., 2015; Wetherby & Prizant, 2002). The ability to 
depict an object or to imitate an object’s use may be intact in ASD (Ham et al., 2010), but 
there may be a developmental delay in the use of other types of iconic gestures as well as 
beat gestures (Charman et al., 2003; Luyster et al., 2008; So et al., 2015; Wetherby et al., 
2004). Because the focus of most gesture research is on very young children with ASD, 
little is known about gesture types used by school-aged children and whether or not their 
production still trails behind that of their typically developing peers (So et al., 2015).  
 So et al. (2015) investigated gesture production of 30 Mandarin-speaking children 
between the ages of 6-12 years, 16 with ASD, and 14 typically-developing (TD). They 
found that children with ASD produced fewer gestures than their TD peers, especially 
gestures that referred to culturally driven semantic content. Additionally, gestural 
production in the TD population correlated with cognitive skills and language ability 
while in ASD production was concomitant with social and communication impairment, in 
agreement with earlier work (de Marchena & Eigsti, 2010; Morett et al., 2016). Together, 
these findings indicate a gestural production delay in middle to late childhood in ASD 
(So et al., 2015). 
Gesture, Adolescents, and Adults with ASD. 
Attwood et al. (1988) compared gesture production between three groups: 22 
adolescents with ASD, 22 adolescents with Down Syndrome, and 47 TD children 
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between the ages of 3 and 6 years. When observing the participants in a playground 
setting, they found that the ASD subjects interacted socially less often than their peers, 
but that relative to frequency, they communicated using nonverbal gestures at the same 
rate as the other subjects. Of particular interest is the fact that not one participant with 
ASD used any gesture for expression (Attwood et al., 1988). 
 Further studies on gesture, adolescents, and adults with ASD have had similar 
findings. Silverman et al. (2010) used eye-tracking technology to investigate visual and 
speech integration in 20 typically developing subjects and 19 subjects with ASD. 
Participants between the ages of 12 to 18 years of age were selected because gestural 
understanding is believed to have fully formed by this age range (McNeill, 1992). 
Subjects with ASD performed more poorly than their typically developing counterparts in 
iconic gesture comprehension during a visual-speech task, even though there were no 
deficits in either area when subjects performed the visual and speech tasks separately. 
The researchers suggested that impairment in crossmodal integration in autism is not the 
result of unimodal deficits in speech or gestural processing (p. 389). Theoret et al. (2005) 
used transcranial magnetic stimulation (TMS) to observe motor system activation when 
ASD subjects viewed meaningless finger actions. They determined that, compared to 
typically developing subjects, the MNS matching action observation and execution of 
non-goal directed gesture is impaired in individuals with ASD (p. R84). It is unknown 
how individuals with ASD perceive and respond to meaningful but non-social and non-
verbal gesture, such as phonomimetic gesture. 
 In persons with autism, researchers have also found asynchrony in co-speech 
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gestures (de Marchena & Eigsti, 2010; Silverman et al., 2017), fewer gestures to 
supplement information (Morett et al., 2016; Silverman et al., 2017), and less clarity in 
intended meaning (Silverman et al., 2017). Researchers also found differences in the 
ways iconic gestures facilitate comprehension (Silverman et al., 2010), but no differences 
in the types of gestures used when compared to TD controls (Silverman et al., 2017). 
How persons with autism perceive and respond to meaningful but non-social and 
nonverbal gesture, such as phonomimetic gesture, is unknown.  
Embodied Cognition and Music 
 Active engagement between humans and their environment also occurs in the 
domain of music, as people often move their bodies spontaneously when listening to 
music (Toiviainen et al., 2010). These movements may include small motor activity such 
as foot tapping or head bobbing or may incorporate the entire body. In Africa, musical 
practice is considered to be a motor activity completely integrated with dance (Arom, 
2004). For the Igbo people of Nigeria, the term “nkwa" refers to "singing, playing 
instruments, and dancing." Additionally, researchers posit that music and dance evolved 
simultaneously (Toiviainen et al., 2010; Wallin et al., 2001). Only in the Western 
tradition has dance been excluded from the concept of music-making (Cross, 2001).  
 Although the concept of embodied music cognition also has beginnings in early 
20th-century thought, only recently has it been defined and established as a valid research 
paradigm (Leman, 2007). Recent developments in technology, such as motion capture 
systems, allow researchers to record and analyze body movements in ways that were 
never before possible. Additionally, recent debate concerning the limitations of exploring 
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musical understanding through a purely perceptual lens has shifted the focus from 
cognition by way of perception to that of interaction, therefore extending the established 
cognitive paradigm (Leman et al., 2018).  
 A central tenet of embodied cognition is that the body serves as a mediator 
between the environment and a person’s lived experience of that environment (Leman, 
2007, 2008, 2012; Leman et al., 2018). Leman (2012) beautifully defined the musical 
application of embodied cognition through the act of playing a recorder. In this case, the 
environmental component would be the physical waveforms of the sounds produced, and 
the experience would be the subjective responses to and the feelings produced by the 
music produced by the recorder. He added that similarly, "musical gestures can be 
described in an objective way as movement of body parts, but they have an important 
experiential component that is related to intentions, goals, and expressions" (p. 5). 
 While research in embodied music cognition is relatively recent, there exists 
empirical work providing evidence for embodied music cognition in three primary areas; 
synchronization and entrainment, expressive gestures, and the effects of action upon 
perception (Leman & Maes, 2014, 2015; Leman et al., 2018). The latter two research 
areas—expressive gesture and action/perception effects--pertain to the present study. 
Synchronization and Entrainment 
Leman (2008) asserted that goal-directed actions play a significant role in music 
perception and that synchronous movement is a form of somatic imitation that may be 
related to predictions of energy boosts or beats in the audio stream (Leman, 2008). Also, 
these beats and rhythmic patterns are perceived naturally to be hierarchical, as evidenced 
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by body movements (Toiviainen et al., 2010). The natural predilection of persons 
synchronizing body movements with purely visual stimuli, however, is quite uncommon 
(Repp & Penel, 2004). 
 Researchers have also found a more robust connection between rhythmic 
movement and the auditory system rather than to that of the visual system (Toiviainen et 
al., 2010). Repp and Penel (2004) asked musically trained adult participants to 
synchronize auditory tones and flashing lights using a finger-tapping task. When 
researchers introduced a timing distractor of the other modality, they found that auditory 
distractors had a much stronger effect than did visual distractors. Patel et al. (2005) found 
similar results using a tapping task to determine the ability of musically trained adults to 
synchronize isochronous or non-isochronous musical patterns. The stimuli were 
presented either aurally or visually and did not include distractors of any kind. They 
determined that the auditory system is heavily involved in synchronization and beat 
perception (Patel et al., 2005). Finally, Iyer (2002) proposed the existence of a 
sensorimotor loop consisting of the posterior parietal lobe, premotor cortex, 
cerebrocerebellum, and the basal ganglia. This sensorimotor loop provides a perspective 
in which a rhythmic event becomes an imagined movement. Todd (1999) stated that “if 
the spatiotemporal form of certain stimuli are matched to the dynamics of the motor 
system, then they may evoke a motion of an internal representation, or motor image, of 
the corresponding synergistic elements of the musculoskeletal system, even if the 
musculoskeletal system itself does not move” (p. 119 [emphasis in original]). It seems, 
therefore, that music listening activates processes similar to those that produce body 
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movement (Iyer, 2002).  
Expressive Gesture 
While expressive gesture is considered to be an essential attribute of musical 
communication, researching expression can be challenging as it is not well understood in 
cognitive science (Leman et al., 2018). Musical expression, however, as situated in the 
Western canon, has been a topic of interest in musicology for years (Leman et al., 2018). 
Remarkably, musicologists traditionally referred to the qualities of musical expression in 
terms of gesture. This earlier philosophical and musicological/theoretical approach can 
easily be tied to current perspectives and empirical foci in music cognition, allowing for 
an ontological and epistemological shift in understanding musical expression in 
perception and performance. Only recently have researchers pursued a greater 
understanding of gesture as it relates to music (Godøy & Leman, 2010; Gritten & King, 
2006, 2011; Leman et al., 2018).  
 Gesture may be best understood as a means of encoding and decoding musical 
expression, whereby an exchange of parallel, sensorimotor processes support and 
enhance one’s musical experience. From this embodied perspective, expressive gestures 
are encoded as sounds, and in turn, sounds are decoded as expressive gestures. This 
mirroring allows the transfer of sound qualities to analogous qualities of movement, and 
movement qualities to analogous sound qualities. In other words, human action is 
influenced by music perception, but the reverse is also true. Gesture may also influence 
musical perception (Leman & Maes, 2015; Maes et al., 2014). For example, studies 
involving expressive response to gesture demonstrate that people move to different types 
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of music in similar ways (Amelynck et al., 2014; Maes et al., 2014), and that there exists 
a definitive correlation between features of bodily movement and musical perception 
based on the expressive qualities as described and categorized in the effort/action 
principles of Rudolf Laban (Leman & Maes, 2015). 
Effects of Action on Music Perception 
A common and salient feature in perception-action coupling research in music is 
that of prediction as used in sensory models. These predictive models influence the 
processing of environmental stimuli, such as when listening to music or attending to a 
live performance (Halász & Cunnington, 2012; Maes & Leman, 2013; Schütz-Bosbach & 
Prinz, 2007; Witt, 2011). Body movement can influence the perceived affective states of 
music, and those movements may direct an observer’s attention to particular musical 
features such as pitch, rhythm, and melody (Phillips-Silver & Trainor, 2005, 2007). 
Expressive movement also influences the perception of musical expression in children 
(Maes & Leman, 2013).  
 Some researchers now believe there is sufficient evidence across a broad array of 
methodologies and musical activities to substantiate the position that embodied cognition 
research is now a pivotal paradigm for music cognition research (Leman et al., 2018). 
Several factors have contributed to the strength of the paradigm, including technological 
advances in observation tools (audio and visual recording systems and sensors), advanced 
methods of analysis, expanded subjective methods and analyses (Desmet et al., 2012), 
and educational technologies (Nijs & Leman, 2014). Together with ever-expanding cross-
disciplinary contexts, the embodied music cognition research paradigm is believed to be a 
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robust model useful in several fields, including physical rehabilitation, musical 
recreation, and music education.  
Mirror Neuron System 
Many researchers support the notion that there exist neuronal networks that 
provide a framework for embodied cognition, supporting the idea that cognition is 
grounded in perception and action (Craighero, 2014; Eigsti, 2013; Gallese et al., 2013; 
Niedenthal, 2007). In the early 1990s, while mapping the activity of neurons in the motor 
areas of a macaque monkey, Giacomo Rizzolatti and his colleagues discovered a unique 
type of premotor neuron (Di Pellegrino et al., 1992; Gallese et al., 1996; Jeannerod, 2006; 
Rizzolatti et al., 2002). These neurons engage both when an animal performs an action 
and also when an animal observes another individual perform the same action. They are 
referred to as mirror neurons because they fire when mirroring the animal’s behavior of 
the observer as if the observer was performing him or herself. Craighero (2014) reports 
that many cognitive neuroscience and cognitive psychology researchers hypothesize that 
this mirror neuron system plays a significant role in understanding the actions of others, 
thereby contributing to new skill acquisition through imitation (Rizzolatti & Craighero, 
2004). She related that other researchers posited that the mirror neuron system 
contributes to Theory of Mind skills (Gallese, 2007; Keysers & Gazzola, 2006), speech 
abilities (Fadiga et al., 2002; Gallese, 2008; Théoret & Pascual-Leone, 2002), and the 
ability to share emotions (Iacoboni, 2009).  
 In order for the mirror neuron system (MNS) to become engaged in an animal, a 
goal-directed interaction must occur between two things: a biological agent (such as a 
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hand or mouth) and an object (Craighero, 2014; Rizzolatti & Craighero, 2004). 
Additionally, the actions must be goal-directed (Craighero, 2014; Jeannerod, 2006) 
 Mirror neurons are not limited to activation via purely visual stimuli. Kohler et al. 
(2002) propose the existence of audiovisual mirror neurons that fire not only at the sight 
of an action but also the sound of an action, such as when a monkey sees or hears 
someone breaking a peanut. Additionally, complete visual information is not necessary 
for MNS activation. Umilta et al. (2001) found that even if both the goal and the last 
segment of the action were hidden from the monkey by way of a screen, MNS 
engagement would still occur—as long as the monkey was aware that the goal was 
present. The findings of both these studies were both especially significant because 
whether an action is partially invisible or is relayed through another modality, such as 
sound, mirror neurons can no longer be classified as perception neurons because of their 
involvement with representational actions in addition to actions that are perceived 
(Jeannerod, 2006, p. 111). 
 Although mirror neurons were originally discovered and studied in monkeys, 
some researchers believe that they also exist in humans. Rizzolatti and Craighero (2004) 
suggested that the MNS is part of an underlying neural mechanism connecting the sender 
of a message with its recipient. Through the MNS, they posited, the actions of others 
become encoded as messages that are then understood by the recipient without any 
cognitive involvement. Rizzolatti and Arbib (1998) hypothesized that it is precisely this 
neurophysiological mechanism that is responsible for the evolution of language, and that 
speech was an evolutionary product of gestural communication. Even some decades 
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before the discovery of mirror neurons, researchers surmised that communicative actions 
resulted from actions that were directed toward objects. For instance, they theorized that 
the evolution of deictic (pointing) gestures originated in the attempts of small children to 
reach for objects (MacNeilage, 1998; Rizzolatti & Craighero, 2004; Van Hooff, 1967; 
Vygotsky, 1964). 
 Because the techniques used to identify mirror neurons as single units in animals 
are so invasive, non-invasive techniques such as neuroimaging and some types of brain 
stimulation must be used to gather indirect evidence of their existence in humans (Ferrari 
& Rizzolatti, 2014). Rizzolatti and Craighero (2004) contended that, despite a lack of 
direct evidence of mirror neurons in humans, plenty of indirect, robust, 
neurophysiological evidence exists. This indirect evidence can be found in the form of 
transcranial magnetic stimulation (TMS), magnetoencephalography (MEG), 
electroencephalography (EEG), psychophysical, and brain imaging studies (Fadiga et al., 
1995; Williams et al., 2001).  
 Interestingly, findings from these studies indicate salient differences in the human 
mirror neuron system from those of monkeys. Craighero (2014) states that one of the 
most striking differences is that, unlike monkeys, the human MNS becomes activated 
with both object-directed (transitive) actions and non-object-directed (intransitive) 
actions (Brass et al., 2000; Buccino et al., 2001; Fadiga et al., 1995). Additionally, the 
MNS is activated while observing pantomime (Fadiga et al., 2006; Grèzes et al., 2003; 
Maeda et al., 2002). These differences disappear, however, when stopping to consider 
that humans often use pantomime and intransitive actions to convey feelings and 
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sensations. In this way, humans likely use these actions in a goal-directed way, which 
may then cause activation of the MNS (Craighero, 2014). 
  Other researchers argue that there is insufficient evidence to support the existence 
of a mirror neuron system in humans. According to Niedenthal (2007), researchers 
disagree about the exact location of mirror neurons, whether or not they connect to form 
an actual system, and whether or not regular neurons simply perform a mirroring function 
instead in place of a standalone mirror neuron. Furthermore, Hickok (2009) claimed that 
some of the outcomes, such as "action understanding" or "object understanding," are both 
poorly defined and unquantifiable. Most importantly, he maintained that the fact that 
mirror neurons have been found in species that do not employ higher-order cognitive 
processes, and that they have not been found in species known to possess higher-order 
cognitive processes, shows the application of unvalidated assumptions of monkey data to 
humans (p. 1234).  
 Such concerns are no longer relevant, however, given the overwhelming evidence 
of the existence of mirror neurons in humans through hundreds of neuroimaging (positon 
emission tomography and functional magnetic resource imaging), brain stimulation 
techniques (transcranial magnetic stimulation, magnetoencephalography, and 
electroencephalography) (Rizzolatti & Fogassi, 2014), and single neuron studies (Ferrari 
& Rizzolatti, 2014). Additionally, Ferrari and Rizzolatti (2014) asserted that results from 
recent studies in marmosets show that their brain networks, endocrine profiles, and 
immune responses are remarkably similar to those of humans. These factors, plus the 
discovery of mirror neurons in marmosets, indicate that they are likely to be a much more 
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suitable model for MNS research than the macaque (pp. 2-3). Finally, they contended that 
results from these and other studies helped form a widely accepted position that mirror 
neurons are essentially motor neurons and that the motor system is highly involved in 
understanding the actions and intentions of others (p. 1). 
The Mirror Neuron System and Autism 
Researchers posit that the mirror neuron system in persons with autism is likely to 
be impaired (Buccino et al., 2001; Ferrari & Rizzolatti, 2014; Gallese et al., 2013; 
Hamilton, 2013; Oberman, 2005). Of particular interest is the possibility that MNS 
impairment may be at least partly responsible for the social, emotional, and 
communication deficits in autism (Gallese et al., 2011; Gallese et al., 2013; Hamilton, 
2013; Oberman, 2005; Williams et al., 2001). Researchers have used brain stimulation 
and advanced imaging techniques to investigate possible neurophysiological differences 
in persons with ASD. For instance, Hadjikhani et al. (2006) used functional magnetic 
resource imaging (fMRI) to examine the thickness of the cerebral cortex in individuals 
with autism. They found abnormal cortical thinning and decreased grey matter in areas of 
the brain believed to be associated with mirror neurons. Also, they observed cortical 
thinning in other areas involving emotional recognition and social cognition (p. 1279).  
 The popular claim that the MNS system is responsible for impaired social 
cognition is commonly referred to as the broken mirror theory (BMT) of autism. In her 
review of 25 brain-based studies involving autism and the MNS, Hamilton (2013) 
classified the various broken mirror theory claims into three slightly different variants. 
The first type, the imitation version of the BMT, is based on behavioral evidence of weak 
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imitation skills in ASD (Williams, Whiten, et al., 2004). Together with the presumed 
involvement of the MNS in imitation (Buccino et al., 2004), researchers propose that 
poor self-to-other mapping abilities likely lead to difficulty in imitation and other aspects 
of social cognition, such as those behind Theory of Mind (p. 92). Second, she offered the 
simulation version based on the concept that the MNS provides a vehicle for simulating 
the actions of others, but more importantly, their mental states and emotions. The 
simulation and imitation variants extend the Theory of Mind hypothesis to also include 
language and empathy (Dapretto et al., 2006; Oberman & Ramachandran, 2007). The 
central tenet of this theory is that the understanding of actions and emotions of others 
through the MNS would be impaired in everyone with ASD (p. 92). Finally, she proposed 
a chaining variant, based on the theory that some mirror neurons act as action chains or 
sequences. (Fogassi et al., 2005). These chaining neurons only activate when a monkey 
sees or performs an action contextualized in a sequence, potentially allowing the monkey 
to predict two things—how the sequence will progress and intentions of the observed 
individual (Fogassi et al., 2005). The chaining version of the BMT makes no assumptions 
about impairments in language or emotional understanding (Hamilton, 2013, p. 92).  
 Hamilton (2013) further contended that while acceptable evidence for MNS 
dysfunction in autism could come from both behavioral and brain-based studies, the 
majority of them are behavioral studies. In particular, many of these behavioral studies 
focused on imitation and action understanding in an attempt to measure MNS function in 
ASD. Although the evidence provided by these studies is mixed, some patterns do 
emerge from the findings. In general, persons with ASD perform worse on tasks 
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requiring spontaneous imitation and imitation of non-object directed actions; however, 
their performance on goal-directed imitation and reaction time tasks was found to be 
typical. The difficulty with using behavioral studies to specify the contributions (or lack 
thereof) of particular brain regions lies with the inability to pinpoint the source of the 
result. Impairment in imitation abilities could come from some other factors besides the 
MNS. Likewise, acceptable performance on an imitation task could come from not only 
an intact MNS but also from the use of compensatory strategies if the MNS was 
undeveloped or impaired. Summarily, behavioral studies are too limited in scope to be 
able to isolate specific brain regions and activities responsible for a particular behavior; 
therefore, we must look to brain imaging techniques to thoroughly investigate the broken 
mirror theory of autism (Hamilton, 2013, p. 93).  
 Hamilton (2013) suggested that of all the neuroscience methods (EEG, MEG, 
TMS, eye-tracking, EMG, fMRI) used to study the BMT, fMRI provides the most robust 
measure for measuring MNS system function. Eight of the 25 studies she reviewed used 
fMRI techniques and taken together provided insufficient evidence to support the notion 
of a specific, universal impairment of the MNS in autism (p. 98), rendering any 
interventions based upon the broken mirror theory to be ineffective (p. 102).  
Movement and Learning 
 A fourth and final tenet of embodied cognition is that humans off-load cognitive 
tasks onto the environment, resulting in the inclusion of the environment as part of the 
cognitive system (Wilson, 2002; Wilson & Foglia, 2017). Furthermore, because humans 
have limited working memory and attentional resources, humans take advantage of the 
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environment in order to reduce our cognitive workload. Wilson (2002) stated that 
individuals have two available strategies for situations where cognitive demands exceed 
our limitations. Humans can access representations that have been stored through prior 
learning; or, if there is insufficient time to encode information, it can simply be stored 
externally to be accessed at a later time. He also contended that many of our mental 
structures that initially evolved for perception and action actively contribute to cognition, 
even when they are disconnected from the environment. Working memory, where 
learning takes place, is one such example that incorporates offline sensorimotor 
resources. Instead of jettisoning the information out into the environment, working 
memory disburdens it onto the brain's perceptual and motor control systems (p. 633). 
Besides working memory, other forms of sensorimotor influenced, embodied knowledge 
include reasoning and problem solving, mental imagery, implicit memory, and episodic 
memory (Wilson, 2002). 
 Sepp et al. (2019), when citing Baddeley and Hitch (1974), defined working 
memory as "a theoretical construct for describing the processes and systems related to the 
task-relevant activation (bringing to mind), maintenance (holding in mind), and 
processing of mental information during the performance of a task” (p. 295). Because the 
capacity of working memory is assumed to be limited, many researchers have 
investigated how such constraints may affect both learners and learning (Sepp et al., 
2019, p. 303). For over a half-century, researchers from a broadly diverse range of 
perspectives such as experimental psychology, educational psychology, linguistics, 
neurology, and developmental psychology have investigated theories and models of 
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working memory, the cognitive structures likely involved, and the techniques of 
measurement used. Under the framework of Cognitive Load Theory, these researchers 
investigating working memory in areas such as attentional factors, schema acquisition 
and construction, spatial awareness, visual representation, and learning design have 
contributed much to benefit a wide variety of educational practices (Sepp et al., 2019, p. 
294).  
 Cognitive Load Theory (CLT) is a companion theoretical framework to embodied 
cognition as it concerns the principles of embodied cognition as they relate to learners 
and learning. Cognitive Load Theory was established as a branch of educational 
psychology with a primary objective of informing instructional practice through 
evidence-based interventions and their effects on cognitive load relative to teaching and 
learning (Chandler & Sweller, 1991; Sweller, 1988; Sweller et al., 1998). Cognitive Load 
researchers have reported notable findings that benefit educational practices, 
categorizable in three distinct areas. The split attention effect occurs when information is 
presented both in images and texts simultaneously, but they are placed so far apart that 
the learner must look at each separately. This shift in gaze forces the learner to integrate 
the two, placing a high demand on working memory and ultimately resulting in negative 
learning outcomes. Researchers have found that spatially integrating images and text—or 
replacing the visual text with spoken text—reduces cognitive load, which in turn, benefits 
learning (Chandler & Sweller, 1991, 1992).  
 The modality effect takes place when instruction is presented in more than one 
modality, such as when visual examples accompany auditory information. Using more 
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than one modality during instruction allows for more efficient use of working memory 
resources because the modalities tend to reinforce one another (Mousavi et al., 1995; 
Tindall-Ford et al., 1997). Finally, the redundancy effect refers to learning that is 
negatively impacted when duplicated information is presented in either single or multiple 
modalities. In this case, working memory resources are heavily taxed because redundant 
information must be reconciled across multiple attentions. The redundancy effect may 
also result in expertise reversal. Expert students already in possession of schemas for 
existing knowledge must first retrieve those schemas from long term memory and then 
reconcile them with incoming information (Sepp et al., 2019). 
  In addition to the three well-established CLT research areas, a fourth, emerging 
area of research involving the role of the motor system in learning, suggests that gesture 
and other types of body movement may be useful in instructional practices. Cognitive 
load researchers investigating procedural learning in motor tasks, such as paper folding, 
have found that animated instructions emulating or suggesting human movement are 
more effective than static images (Ayres, 1993; Castro-Alonso et al., 2014; Paas & 
Sweller, 2012; Wong et al., 2009). This human movement effect may well indicate a 
significant relationship between gesture and the processes involved in working memory. 
Summarily, researchers believe the human movement effect is responsible for making 
more working memory resources available when human movement is involved in schema 
formation (Hostetter & Alibali, 2019; Sepp et al., 2019).  
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Conceptual Frameworks 
 In this study, I examined how typically developing children and children with 
ASD express themselves musically through responses to phonomimetic gesture. The 
study involved the nexus of three areas of research: music education, cognition, and 
autism. I found the practice of limiting the research perspective to one conceptual 
framework to be too restrictive, given the disparate areas of research involved. As a 
result, the conceptual frameworks used in this study are enactive cognition, semiotics, 
and neurodiversity. 
Enactive Cognition: An Extension of Embodied Cognition 
 Many researchers have attempted to conceptualize Embodied Cognition and its 
various approaches, but they have not reached a consensus on its meaning (Gallagher, 
2011). To fully understand the concept of Embodied Cognition, it may be helpful to 
examine its emergence as a reaction to the traditional constructivist account that 
dominated much of the latter half of the 20th century. From the classic cognitivist 
perspective of perception, processes of the mind are held to be in terms of representations 
and advanced-level thinking (Neisser, 1976). These representations may take any number 
of iconic forms, including images or other symbols, and these icons serve to produce a 
simulated version of the world. As a result, it is not the actual world that we perceive, but 
instead a virtual one (Hutto, 2009; Matyja & Schiavio, 2013). Instead, embodied 
cognitivists embrace the idea that the mind is embedded in a body that is situated in the 
world, and as a result, cannot be isolated as something the resides solely in one's head 
(Thompson, 2005).  
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 Hurley (1998) offered a helpful metaphor for understanding the orthodox 
cognitivist account of cognition. In this view, this mind is like a sandwich, where the 
mind's cognitive process is the filling, nestled between two slices of bread—perception, 
and action. In this model, perception and action are disconnected from each other and are 
mediated by way of cognition. She contended that this model is problematic because it 
treats perception and action independently rather than components of a sensorimotor 
process that includes the environment as part of a dynamic system (Hurley, 1998). In 
contrast, in the embodied approach, both perception and action are perceptually 
equivalent. As a result, cognition arises from the interaction between embodied 
experience and processes of the mind (Rizzolatti & Sinigaglia, 2008). Furthermore, 
researchers have contended that the ability to understand goal-directed actions, as well as 
the emotions and intentions of others, is linked to the ability to synthesize the information 
internally without the need for high-level cognitive analysis. This assertion is highly 
congruent to that proposed by proponents of a Mirror Neuron system for action (Gallese, 
2009; Rizzolatti & Sinigaglia, 2008). 
 Varela et al. (2017) proposed the paradigm of enactive cognition as a more 
radical, anti-representationalist framework of embodied cognition to further challenge the 
traditional cognitivist position. Building upon the phenomenological perspective of 
Merleau-Ponty (1948/2004), they theorized that perception is for action, and actions, 
along with sensorimotor interactions with the environment, drive our cognitive processes 
(Noë & Noë, 2004). Other researchers have developed and expanded these ideas to 
suggest that cognition occurs across the brain, body, and environment, rather than being 
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confined to the head, and that this dynamic interaction absorbs some of the cognitive load 
(Menary, 2007). Moreover, they proposed that the primary source of cognition study is 
this dynamic interplay between brain, body, and environment rather than the neuron 
(Gallagher, 2006; Gallagher & Lindgren, 2015). A salient tenet of enactive cognition is 
that it includes both affective and intersubjective (interpersonal) aspects. Certainly, one’s 
mood may alter one’s perception of the world. Someone who is content may perceive the 
world much differently than someone who is depressed or angry, and unmet biological 
needs such as hunger can alter or even distort one’s cognitive processes (Danziger et al., 
2011).  
 Social relationships and intersubjective interactions also facilitate cognition, 
contributing to how one understands the world. De Jaegher and Di Paolo (2007) 
suggested that our interactions with others via activities such as work, play, romantic 
relations, communication, and conflict frame our cognitive lives in a process of 
“participatory sense-making.” Researchers conducting developmental studies posited that 
“participatory sense-making” by way of these intersubjective practices is present at birth 
and may be linked to the mirror neuron system (Gallagher, 2011; Trevarthen, 1978). 
Infants are “active perceivers” that are capable of responding to music in highly 
sophisticated ways that precede all forms of linguistic communication (Krueger, 2013) 
 Within the past decade, theoretical researchers have explored the application of 
enactive cognition principles to the topics of music cognition and music learning as a 
reaction to the constructivist perspectives that continue to drive that research. Central to 
these cognitivist approaches is the belief that processes of the mind are assumed to 
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involve representation and advanced-level computational operations (Neisser, 1967, 
1976); however, these representational symbols and icons exist in our minds merely as 
virtual copies of the world rather than the actual objects themselves (Matyja & Schiavio, 
2013). According to Leman (2008), the introduction of psychoacoustics by von 
Helmholtz (1863) laid the cornerstone for a cognitive approach to musical engagement, 
by which music was seen as a result of neurophysiological responses to sound. This 
cognitive approach could then be used to explain the percepts of consonance and 
dissonance, harmony, and tonality. Because neurophysiological responses could be 
quantified mathematically, they could be measured in such a way that would tie 
perception to physics. As a result, this course established the physiological underpinnings 
for gestalt psychology in the early 20th century, and for the cognitive science approach in 
the latter half of the 20th century (Leman, 2008, p. 29).  
 Influenced by linguistics research in the second half of the 20th century, some 
music cognition researchers embraced the account of the mind as modular, in which 
specialized areas of the brain responsible for music processing could be identified and 
located to provide a universal map to depict musical intelligence and ability. This 
approach, however, fails to consider the effects and contributions of developmental and 
cultural differences and has been heavily criticized as a result (Matyja & Schiavio, 2013). 
Moreover, Tomasello (1999), as quoted in Matyja and Schiavio (2013), wrote in 
criticizing the modular account from the perspective of human history that it “is simply 
not sufficient, under any plausible scenario, for genetic variation and natural selection to 
have created many different and independent cognitive modules (Tomasello, 1999, p. 
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55). Matyja and Schiavio (2013) instead proposed that “enactive approaches to human 
musicality are capable of explaining the basic relationship between a music subject and a 
musical object according to a pre-conceptual and pre-linguistic form of understanding 
related to bodily motor expertise” (p. 351). 
 In response to music and music education philosophers showing increasing 
interest in human musicality as an embodied and “world-making” practice, Van Der 
Schyff (2015a) proposed the application of the enactive cognition approach within the 
context of music education. He suggested that the embodied, enactive viewpoint “affords 
a relational and biocultural perspective on music that decenters the Western focus on 
language, symbol, and representation as the fundamental arbiters of meaning” (p. 1). The 
enactive perspective challenges us to address and rethink how our ontological and 
epistemological assumptions may be grounded in cognitive and perceptual practices that 
align meaning with language and abstract representation (van der Schyff, 2015a). Such 
alignment becomes problematic as it can lead to reification, or “seeing the world through 
conceptual categories that, if not carefully seen through, gives the seer the illusion that 
reality inherently comes in these categories” (Bai, 2003, p. 46). Van der Schyff (2015a) 
contended that these assumptions perpetuate persistent Western cultural ideologies of 
music-as-object, where music consists of its own emotional and aesthetic qualities apart 
from those who are charged with interpreting and transmitting it to the unknown persons 
at the receiving end. Rather than being an interactive, relational and multimodal activity, 
the practice of music-making—as perpetuated in the Western academic music education 
tradition—instead centers on faithfully analyzing, codifying, and reproducing 
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masterworks of the Western art canon while ignoring the environmental and experiential 
contexts of their creation and their reception (p. 3).  
 Van der Schyff (2015a) further posited that such objectification changes the role 
of the music participant to that of an anonymized bystander, as it deemphasizes agency, 
embodiment, and personal histories—essential elements that are all necessary for the 
construction and development of musical meaning. Furthermore, this viewpoint is in 
direct contrast with the enactive approach to cognition in that it “ignores the interactive, 
adaptive, and transformative possibilities of the musical organism” (p. 4). Regarding the 
perspective of Western music’s superiority, universality, and therefore relevance, van der 
Schyff (2015a) suggested that Lines (2005) best summarizes its influence of on music 
education in the following quote: 
The nihilistic state or condition that maintains a ‘valueless’ music (music 
disconnected from our changing life events) is, however, present in the day to day 
business of music education. Musical nihilism […] perpetuate[s] a culture of 
musical impotence, where only a few survive the problematic and detached ride to 
musical 'perfection.' In addition to the effects of such culturally selective 
traditions, musical nihilism is found more generally in the limited role music 
plays in the lives of busy urban-dwelling people. To many, the musical sphere is 
now an area that is forgotten, unused, and neglected. Education in music has come 
to be seen and regarded by many as an inactive sphere. The conceptual frames—
the ways of thinking that support musical inactivity—revolve around several other 
(not unrelated) critical discourses, including the cult of the elite musician, music 
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as a commodity-end, and the widespread neglect of non-verbal or non-written 
communication in education. (Lines, 2005, p.3) 
An enactive approach to cognition, however, provides a way to dislodge the Western 
notion that language, symbols, and representation are the underlying determiners of 
communication and meaning (van der Schyff, 2015a). As a result, music and cognition 
researchers have focused on works in the Western canon because they are believed to be 
founded on the formal, theoretical, and grammatical conventions of Western tonal 
harmony (Lerdahl & Jackendoff, 1996; van der Schyff, 2015a). Additionally, researchers 
have posited that language and cognitive systems in humans share a common set of 
neural resources (Patel, 2008; Rebuschat et al., 2012), which may contribute to the 
philosophical belief that, because language is thought to be the dominant force in the 
determination of meaning, wordless music is therefore considered meaningless (Kivy, 
1991, 2002). Van der Schyff (2015a) asserted that "such assumptions demonstrate the 
degree to which seemingly disembodied forms of propositional, conceptual or 
'correspondence-based' meaning-making associated with language, symbol, and 
representation have become privileged in the modern Western psyche" (p. 5). Instead, he 
proposed using Eastern thought as a practical alternative through which to examine 
meaning-making. Maruyama and other Eastern philosophers have characterized this 
existential conundrum as that of a ‘double articulation,’ whereby a ‘primary articulation’ 
(one’s interaction with the environment through perception and action) is somewhat at 
odds with an independent, concomitant, and dominant world consisting of symbols and 
representations, or the ‘secondary articulation’ (Nakagawa, 2000). Because the 
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‘secondary articulation’ is thought to reside at the forefront of human consciousness, our 
perceptual and systems tend to retreat into the background as our symbolic world 
provides contexts and agencies for our environmental interactions (Johnson, 2007). The 
enactive approach to cognition, therefore, can be viewed as an attempt to reconcile the 
ontological-epistemological divide of the 'double articulation' by corroborating the 
suggestion that advanced level cognitive processes, such as language, can be attributed to 
sensorimotor coupling, autopoiesis (self-production or self-organization), movement, and 
embodied action-as-perception (Froese, 2012; Stewart, 2010; van der Schyff, 2015a).  
 Dewey (1938/1991) envisioned the grounding of thought in corporeal experience 
in yet another way. Dewey proposed a cognitive system consisting of multiple, 
interconnected levels ranging in complexity, in which there is no ontological interstice 
between sensory perception and thought or between levels of functioning. This principle 
of continuity is based on the premise that “rational operations grow out of organic 
activities, without being identical with that from which they emerge” (p. 26). Johnson 
(2007) summarized that, regardless of the level of conceptual abstraction, the principle of 
continuity presupposes that thought is rooted in an organism's embodiment capacities for 
perception, feeling, object manipulation, and bodily movement. He also claimed that this 
principle is a critical one for Dewey because it serves as the solution to avoiding 
ontological and epistemological dualisms (Johnson, 2007, p. 122).  
 There is some evidence to suggest that mirror-neurons are present in several brain 
areas, and researchers believe that they perform inter-modally (Leman, 2008; 
Ramachandran, 2011; van der Schyff, 2015a). Although these mirror-neurons may 
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typically perform specific biological and cognitive functions, they may, in fact, also 
function cross-modally, providing the necessary neural underpinnings for the cross-
activation of multiple sensory modalities (van der Schyff, 2015a). These cross-modal 
correspondences occur when an individual perceives a sensory feature of a given stimulus 
as matched with a particular feature in an entirely different sensory modality, and 
researchers have found cross-modal correspondences between every pair of modalities 
possible (Spence & Parise, 2012). Individuals who encounter these cross-modal 
correspondences in the extreme and in a non-universal way are believed to experience 
synaesthesia (Spence, 2011; Spence & Gallace, 2011). Researchers believe that cross-
modal correspondences develop through bodily experiences and environmental 
interactions from birth and that they act as 'metaphorical' processes that help us develop 
our understandings of the world (Eitan & Granot, 2006; Eitan & Timmers, 2010; 
Johnson, 2007; Lakoff & Johnson, 1980; Ramachandran, 2011; van der Schyff, 2015a).  
Metaphor and Children  
 Metaphor, traditionally associated with language and language behaviors (Ortony, 
1987; Ortony, 1993), occurs when one derives similarity by fitting a schema to input and 
then determining a match (Seitz, 1998, p. 95). Seitz (1998) surmised that a vast array of 
experiences is involved in the production and comprehension of metaphor, including 
perceptions and cross-modal associations, and that similarities can be drawn outside the 
limited sphere of language. Furthermore, he posited that the ability of the brain to process 
these metaphorical relationships may be due to cognitive mechanisms that distribute 
these concepts and perceptions across multiple areas of the brain, independent of 
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language involvement. Therefore, in addition to the Aristotelian position that metaphor is 
simply a feature of language, two other views have emerged to elucidate metaphoric 
behavior—the cognitive view, where metaphor is a component of systems of symbols, 
and the synesthetic view, where metaphoric behavior is founded on perceptual knowledge 
compared against multiple sensory domains (p. 96).  
 Per the synesthetic view, maturation of the parietal cortex during the evolution of 
human primates has produced mechanisms responsible for cross-modal correspondences 
between different sensory modalities. (Geschwind, 1964; Seitz, 1998). Additionally, 
these cross-modal mechanisms are present and at work in the early stages of life. Marks 
et al. (1987) found that young children between the ages of 3.5 and 5.5 years recognize 
perceptual likenesses between visual (brightness) and auditory (loudness, pitch) stimuli. 
Other researchers have found that infants in the first year of life can make associative 
pairings between sensory modalities (see Seitz, 1998, p. for a review). According to Seitz 
(1998), however, children do not respond metaphorically until approximately four years 
of age when sensory modalities emerge as separate perceptual categories (p. 97).  
Metaphor and Gesture 
 McNeill (1985) suggested that the development of gesture in children parallels 
that of language acquisition and that it occurs in three overlapping ontogenetic stages:  
 Age 0-2.5 years. At this stage, gestures tend to consist of pointing (deictic) and 
reaching and are likely derivations from movements used in manipulating objects (Carter, 
1975). These gestures tend to emphasize the signification of actual objects and situations 
(p. 363). 
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 Age 2.5-5 years. By this second stage, iconic gesture is fully present. 
Additionally, children at this stage of development can adopt a signifier that imitates a 
property of the signified. Onomatopoeia, where the word mimics the sound produced by 
the signified (such as bow-wow for dog and peep-peep for chicken), is a linguistic parallel 
of iconic gesture. Both indicate a lack of distance between the signifier and the signified 
(pp. 363-364). 
 Age 5+ years. In this, the third stage of language development, words are fully 
encoded, and the use of beat gestures emerges for the first time (McNeill, 1985). Beat 
gestures carry no discernable meaning and are used to emphasize words deemed relevant 
by the speaker (p. 354). 
 It is in the third ontogenetic stage that we find the use of metaphoric gesture. Like 
iconic gesture, metaphoric gesture references imagery, but it differs in the sense that it 
refers to a complex, abstract concept that cannot be presented using iconic gesture 
(McNeill, 1985, 1992).  
Gesture and Laban Movement Analysis 
 Laban analysis provides a means of perceiving and a vocabulary for describing 
movement—quantitatively and qualitatively—that applies to any body movement 
research even when there may be differences in interpretation of function and 
communication. It makes subtle distinctions among a vast range of specific components 
and component constellations inherent in the movement process (Bartenieff & Lewis, 
2013, p. viii). 
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 Labananalysis, also called Laban Movement Analysis (LMA), is a conceptual 
framework and practicum of human movement initiated by the artist, scientist, 
choreographer, philosopher, and movement educator Rudolf Laban (1879-1958) 
(Bartenieff & Lewis, 2013; Gambetta, 2005). Although Laban is probably best known for 
developing a method for notating choreography, his contributions to the study of 
expressive and creative movement are no less salient (Groff, 1995). Laban was a lifelong 
observer of human movement in multiple contexts and all aspects of life, including the 
tasks of factory workers and martial artists, from athletics to folk dancing, and even in 
persons with mental illnesses (Bartenieff & Lewis, 2013). From his observations, Laban 
eventually codified all human movement into eight different metaphorical gestures, 
known as Basic Effort Actions (Gambetta, 2005). Figure 1 lists Laban’s Eight Effort 
Elements and the motion characteristics of each gesture with regard to the elements of 
time, weight, and space (Billingham, 2001, p. 37; Billingham, 2009). 
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Figure 1  
 
Laban’s Eight Effort Elements 


































 Most importantly, fundamental to Laban’s approach is the interaction of the 
individual with the individual’s environment (Bartenieff & Lewis, 2013), in congruence 
with an enactive approach to cognition (Johnson, 2007). In keeping with the spirit of 
enactivism, Groff (1995) stated that: 
The revolutionary and evolutionary theory Laban constructed led to dance 
practice that was the meeting ground for the participatory and the expressive, the 
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inner and the outer experience of the world, the intrinsic and the communicative, 
thought and action—in short, the field upon which mankind engages with the 
world of objects and of fantasy, truth and beauty, imagination and experience, and 
the body moving in space. (p. 13) 
Over the past four decades, researchers interested in improving musical expression in 
conducting instruction at the collegiate level have shown interest in Laban Movement 
Analysis. Empirical studies exploring the use of LMA in conducting are few, and most 
exist at the doctoral dissertation level (Hart, 2016). Following Bartee’s (1977) initial 
findings connecting LMA and its techniques with conducting education, subsequent 
researchers exploring the effects of LMA training on conductor preparedness found it to 
be impactful in several areas, including better ensemble performance (Gambetta, 2005; 
Miller, 1988); better-facilitated instruction through the adoption of an LMA working 
vocabulary (Billingham, 2001); and enhanced perceived expressiveness (Aubin, 2010; 
Gallops, 2005; House, 1998; Krudop, 2003; Mayne, 1992; Neidlinger, 2003; Orzolek, 
1995; Plaag, 2006; Price et al., 2016; Silvey, 2011). Other researchers exploring the 
effects of LMA training on non-conducting musicians found improved communication 
between conductors and ensemble members (Holt, 1992; Jordan, 1986) and an enhanced 
ability of performers to identify LMA characteristics in conductors (Huntleigh, 2017). 
Currently, the efficacy of using the LMA gestural lexicon to facilitate musical expression 
in precollegiate music students has not yet been explored. 
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Semiotics 
Broadly defined, Semiotics is “the philosophical tradition of the theory of signs” 
(Nöth, 1990, p. 14). With roots going back to Plato and Aristotle, Semiotics is probably 
best known in the linguistic tradition of Swiss linguist Ferdinand de Saussure (1857–
1913). Semiotics, as a framework for meaning, has been applied to many fields, including 
mathematics, economics, history, law, and even food (Nöth, 1990). As applied to gesture, 
gesture would be considered significant as long as it would evoke a response in another 
being that would be, in turn, communicated back to the gesturer (Nöth, 1990). Semiotics 
has also been applied to music, but considerable debate has occurred as to whether or not 
music constitutes a sign, especially under the Saussurean linguistic model. In this model, 
the appointment of a sign by a signifier is both logical and arbitrary (Kühl, 2016; 
Monelle, 1991; Nöth, 1990; Spychiger, 2001). Under the more philosophical model of 
Charles S. Peirce, however, semiotics is interpreted as a process as opposed to the 
Saussurean systematic view (Kühl, 2016). Taken as a process then, music can be seen as 
“a sign system in human communication” (Spychiger, 2001, p. 55). 
Additionally, signs as processes "are carriers and organizers of human behavior 
and experience" (Spychiger, 2001, p. 55). Humans then categorize and interpret these 
signs into systems that become the languages we use, the curricula of our schools, and 
our methods of information storage and retrieval (Spychiger, 2001). These signs then take 
on meanings in different social systems and become new processes that evolve and drive 
artistic and linguistic expression that, in turn, require new sign systems to document and 
preserve them (Spychiger, 2001). The historical development of musical notation is an 
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excellent example of this cyclical process (Spychiger, 2001). Notation is a sign system 
created to preserve musical tradition. As cultural processes developed new musical ideas, 
new signs were needed to communicate those ideas. New signs contributed again to new 
musical ideas. With the continuous repetition of this cycle came the evolution of the sign 
system. 
Semiotics and Music-Making 
 Spychiger (2001) suggested applying Swiss psychologist Alfred Lang’s concept 
of a semiotic circle to describe this cycle of interpretation and production of music. 
Representation of the relationship between the individual and culture is also included in 
the circle, as shown in Figure 2. In this model, Lang (1993b) named four different types 
of semiosis, each linking clockwise to the next phase, the circle always turning in the 
same direction. Spychiger (2001) suggested a clock metaphor with the positions of 12, 3, 
6, and 9 o'clock, each representing a different type of semiosis. Two types of semiosis 
connect an individual and the environment. IntrO-Semiosis, the position beginning at 9 
o'clock and moving toward 12 o'clock, represents an individual's cultural perception, 
while ExtrO-Semiosis, starting at 3 o’clock and moving toward 6 o’clock, represents 
action, or a person’s contribution to culture (Spychiger, 2001). The remaining areas, 12 
and 6 o’clock, represent IntrA-semiosis and ExtrA-semiosis, respectively. IntrA-semiosis 
represents the psychological processes that occur on an individual level between 
perception and action, while ExtrA-semiosis represents the cultural forces that influence 
an individual’s perception (Spychiger, 2001). The process then repeats as "Zeichen 
werden aus Zeichen geboren und erzeugen ihrerseits Zeichen" (Lang, 1993a, p. 666), or 
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"signs are born from signs, they cause and create new signs, in endless chains and nets" 
(Spychiger, 1997, p. 37). Figure 2 shows the processes of Lang’s Semiotic Circle (Lang, 
1993b). 
 
In musical terms, beginning at 9 o’clock, IntrO-semiosis would be listening (i.e., 
what goes in), IntrA-semiosis would be musical knowledge and experience (neural 
processes). ExtrO-semiosis would be performing or composing (i.e., what goes out), and 
ExtrA-semiosis would include the use of culturally-related items such as instruments, 
concert halls, recordings, and the like (Spychiger, 1997). 
Semiotics and Music Education 
 Spychiger (2001) applied the theoretical framework of semiotics to music 
education as well as musical activity. Moreover, Spychiger used semiotics to integrate 
two leading and disparate philosophies of music education, the praxial approach of David 
Figure 2  
Alfred Lang's Semiotic Circle 
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Elliott, and the aesthetic approach of Bennett Reimer (Spychiger, 1997, 2001). By 
examining each philosophy in terms of Lang’s (1993) semiotic circle, Spychiger (1997, 
2001) provided a convincing argument that they are much more similar than they are 
different. Each philosophy embraces a complete semiotic process, but emphasize 
different phases of the circle. Elliott’s praxial approach placed more emphasis on ExtrO-
semiosis, or music as a verb, while Reimer’s aesthetic approach emphasized IntrO-
semiosis, or music as a noun (Spychiger, 1997). Furthermore, Spychiger (1997) claimed 
that by examining Elliott's (1995) approach through a semiotic lens, the approach does 
not qualify as a "new philosophy" (Elliott, 1996). 
Semiotics and Phonomimetic Gesture 
Central to the tenet of semiology is the relationship between the signifier (sign) 
and the signified (concept) (Nöth, 1990). Gesture is well established in the field of 
semiotics, both as a language substitute and as an added expressive element to language. 
Viewing phonomimetic gesture through the lens of semiotics provides a new window into 
the concept of musical communication. Indeed, conductors and chamber musicians might 
not be surprised, or may even take for granted that phonomimetic communication and 
understanding is a given. This possibility begs the question, then, of whether neurological 
underpinnings of crossmodal correspondence of phonomimetic gesture might be adopted-
-in tandem with a lexicon of natural human movements—as an approach to the teaching 
of music to students with a wide array of verbal abilities.  
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Neurodiversity 
Although the medical model describes and contextualizes ASD as a deficit model, 
autism self-advocates see things differently. To neurodivergents, autism is just another 
variation of human difference, one that should be embraced (Jaarsma & Welin, 2012). 
Anonymous neurodivergent writer Ventura33 defined neurodiversity as “both a concept 
and a civil rights movement. In its broadest usage, it is a philosophy of social acceptance 
and equal opportunity for all individuals regardless of their neurology” (Ventura33, 2014, 
para.1). In this way, neurodiversity encompasses neuroscience, politics, and ethics 
(Jaarsma & Welin, 2012).  
According to Dekker (2020), the neurodiversity movement began in the 1990s, 
with the term "neurodiversity" likely arising from work by a sociologist on the autism 
spectrum, Judy Singer. Several current and prior factors played a role in the growth and 
maturation of the neurodiversity movement, including the current technology and 
scientific knowledge, as well as prior movements such as the disability rights movement 
and Deaf culture. For instance, a significant factor in the movement's growth was the rise 
of the online culture, as the internet became a principal place for self-advocacy groups to 
convene. These groups opposed the current parent and professional groups aiming to cure 
autism (Dekker, 2020; Ortega, 2009). During this period, the neurodiversity movement 
also benefitted from increasing knowledge regarding neuroscience and the biology of 
autism specifically, as this provided a foundation for understanding autism as another 
natural biological variation (Jaarsma & Welin, 2012; Ortega, 2009). 
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   The neurodiversity movement is similar to the disability rights movement in the 
social model of disability—that an environment that is hostile or unaccommodating 
toward an individual’s needs will create disability, separate from whatever physical or 
biological variation an individual may have (Silverman, 2008; Winter, 2003). In addition 
to this, the neurodiversity movement, like Deaf culture, views autism as an identity and 
that should be celebrated, not forced to conform to external ideals (Dekker, 2020; 
Jaarsma & Welin, 2012).  
The neurodiversity movement is not monolithic and has experienced division at 
various times, with arguments for the movement to encompass only individuals with 
Asperger's Syndrome (now a part of the autism spectrum), only individuals deemed 
"high-functioning," or other neurological differences in addition to autism, such as 
ADHD and personality disorders (Baron-Cohen, 2017; Jaarsma & Weelin, 2012).  
Although the movement is still rather small, it is beginning to grow (Cascio, 
2012). In the late 1990s, critical theorists began examining various power structures that 
value neurotypical traits over neurodivergent traits in historical, political, and social 
contexts (Brownlow & O'Dell, 2009; Thibault, 2014). More recently, evidence of 
neurodivergent self-advocacy is emerging in the context of education (Farrell, 2013). For 
instance, Scott Robertson and Ari Ne’eman, both autism self-advocates, recommended 
several strategies to better serve individuals on the spectrum in colleges and universities, 
ranging from extended training to environmental accommodations (Robertson & 
Ne'eman, 2008).  
Through Spychiger's (2001) adaption of Lang's (1993) semiotic circle, we can 
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easily see neurodiversity in the larger context of the music-making and music education 
processes. Neurodivergents, as part of the larger culture, are automatically part of ExtrA-
semiosis, or the 6 o’clock position on the circle. Through environmental exposure, 
neurodivergents are subjected (at the 9 o'clock position on Lang's circle) to music 
performed by others, or the music perception part of the process. Environmental percepts 
include music of all types and experiences—songs heard on the radio, orchestra concerts, 
movie soundtracks, and the like. Following perception (IntrO-semiosis) of stimuli, mental 
processing (IntrA-semiosis) occurs. Spychiger (2001) posits that IntrA-semiosis includes 
the full extent of the musical experience, such as knowing, holding, and creating music. 
Finally, the 3 o’clock (ExtrO-semiosis) and last position on Lang’s circle is the music 
production component, where the cultural contributions of neurodivergents are made. 
These contributions include all kinds of musical expression, including singing, playing an 
instrument, composing, conducting, arranging music, and even dancing. The reception of 
that expression by the larger culture occurs at the 6 o’clock, ExtrA-semiosis position on 
the circle, and the cycle is repeated ad infinitum (Spychiger, 2001, p. 58). 
Applying Spychiger's account to cognition, Lang's Semiotic Circle aligns 
beautifully with embodied cognitive processing. From a cognition perspective, the intake 
of sensory and other information at IntrO-semiosis (9 o'clock) would be considered that 
of perception. Similarly, the output associated with the 3 o’clock production position 
aligns with that of action. Similarly, Rizzolatti and Sinigaglia (2008) propose a model 
whereby cognition arises from the interaction between the equivalent embodied 
experiences of perception and action—the mentalizing of the musical experience 
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resulting from the relationship between the input of music sensing and the output of 
musical expression. 
 If we take Spychiger's musical implementation of Lang's Semiotic Circle and 
examine it in its entirety through the lens of cognition, the result is an interesting, and 
perhaps a helpful, model of the music education process. Beginning again from the 6 
o'clock (ExtrA-semiosis) position of Lang's circle, we find collective output from 
contributors on the cultural level. In the context of a classroom, a culture would consist 
of the students as a group in the class. The collective output would include contributions 
from individual group members (including a teacher) in the form of action. The 9 o'clock 
(IntrO-semiosis) position would represent the students individually perceptions both of 
the instruction and the musical and verbal performances of others in the class. The 12 
o'clock (IntrA-semiosis) position is where mental and musical processing occurs at the 
individual level, including that of musical understanding and musical creativity. The 3 
o'clock, (ExtrO-semiosis) action-position is where we find student output at the 
individual level. This output may take many forms, such as those proposed by Spychiger, 
such as singing, dancing, playing an instrument, and the like (Spychiger, 1997). 
Music educators live in the bottom half of Lang's circle all the while trying to 
guess what happens in the top half. In other words, what happens on the cultural, 
classroom level is evident, but one can only surmise what happens on the individual 
perceptive and cognitive levels. Teachers receive clues students give them by way of 
their output, make any necessary adjustments to instructional or classroom procedures, 
and then hope for the best with each subsequent pass of the circle. 
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The task of teaching neurodivergent students, particularly those with autism, 
challenges educators to look more deeply into the upper left quadrant of Lang’s Semiotic 
Circle. Educators have yet to learn more about whether or not differences exist in both 
perceptual and cognitive processes. If those differences do indeed exist, then it may very 
well be that neurodivergents need special assistance in achieving IntrA-semiosis. 
Moreover, if neurodivergents cannot fully contribute via ExtrO-semiosis, they are 
destined to become underrepresented in their own musical culture.  
Because researchers still have much to learn about differences in psychological 
processes, and because neurodivergents likely need assistance in achieving ExtrO-
semiosis, it is here at 12 o’clock where the semiotic circle likely stops for most 
neurodivergents. It is at this juncture that the prepollent practices in music education 
become painfully clear. If neurodivergents cannot fully contribute via ExtrO-semiosis, 
neurodivergents are destined to be hegemonized in the neurotypically dominant musical 
culture.
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CHAPTER THREE: METHOD 
Design 
Music conductors use their arms, hands, and fingers to create gestures to shape 
the sounds their musicians produce. This practice demonstrates crossmodal links between 
a conductor's visually observed gestures and modulations of the musicians' 
accompanying motor responses to produce music. The principal goal of this study was to 
assess the strength of these crossmodal couplings in typically developing (TD) children 
and in children diagnosed with ASD. A phonomimetic gesture task for visual-motor 
performance was developed to assess these crossmodal couplings. 
Study One 
Study One was designed to assess whether or not typically developing children 
and children with ASD are capable of forging crossmodal couplings to connect their 
vocomotor behavior to their visual perception, and if so, to find out if those couplings 
differ between the two groups. Subjects were asked to watch videos of a professional 
conductor perform four different gestures and to respond by saying the syllable /dah/ in a 
way they thought matched the gesture. Expert raters listened to blinded, randomized 
recordings of the responses and attempted to identify which gesture video the subjects 
were watching when they produced vocal sounds in response to each video.  
Study Two 
Study Two was designed to assess whether or not having subjects performing the 
gestures themselves changed the way they vocally responded to the stimuli. Using the 
Study One data as pretest data, subjects were randomly placed into two conditions. In the 
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experimental condition, subjects were allowed to practice performing the gestures 
themselves as they watched the videos. They were explicitly instructed not to make any 
vocal sounds during the practice sessions. Subjects in the control group participated in an 
equivalent social interaction in which they were asked to narrate four different pictures 
from the Stuttering Severity Instrument, 4th Edition: SSI-4 (Riley & Bakker, 2009).  
Subjects 
The study sample consisted of 32 children, 16 with ASD (age M = 12.37 years, 
SD = 1.93), and 16 typically developing (age M = 12.38 years, SD = 2.78). The ASD 
group consisted of 10 males (age M = 12.89 years, SD = 2.21) and six females (age M = 
11.51 years, SD = 0.97). The TD group consisted of 10 males (age M = 12.53 years, SD = 
3.35) and six females (age M = 12.12 years, SD = 1.69). The males and females did not 
differ significantly in age. There were no group differences concerning age: t(-0.006), p = 
.994. All children gave assent, and the parents of all participants gave informed consent 
before participation in the study. All children received compensation for the one-time 
visit, and all experimental and recruitment procedures were approved by the Boston 
University and Vanderbilt University Institutional Review Boards. 
Criteria for Inclusion 
Thirty-six children (17 typically developing and 19 with ASD) were recruited for 
the study. Eligibility criteria for all participants were the following: (a) age 8-17 years; 
(b) fluent in English; and (c) normal or corrected-to-normal vision and hearing. In 
addition, eligibility criteria for subjects in the ASD group required a diagnosis of ASD 
confirmed by a licensed clinical psychologist. In neither group were children excluded on 
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the basis of prescribed psychotropic or non-psychotropic medications. Diagnoses of all 
subjects in the ASD group were confirmed using the Childhood Autism Rating Scale 
(CARS-2), which included the CARS2-QPC Questionnaire for Parents or Caregivers. 
Four children who attempted or completed the task were not included in the analyses. 
Audio recordings collected from two subjects (one ASD and one TD) were unusable due 
to data corruption; in addition, two subjects (one ASD and one TD) were unable to 
complete the task because of difficulties with comprehension, attention, or both. 
Stimuli 
Subjects were asked to watch video recordings of conducting-like gestures 
performed by a professional conductor. The gestures, labeled punch, flick, float, and 
glide, were modeled after four of the eight effort actions proposed by 19th-century 
movement theorist Rudolf Laban (see Figure 1). These video recordings were the same 
stimuli used in the Erdemir (2016), Erdemir, Bingham, et al. (2012), and Erdemir, 
Erdemir, et al. (2012) studies. 
Each video contained 10 repetitions of a single Laban effort action performed at 
60 beats per minute for a total of 10 seconds. Video recordings contained only gestural 
information from the right arm and hand positioned in front of the upper torso. The 
conductor's face and the rest of the conductor's body were excluded entirely from view. 
The videos were recorded using a Samsung HMX-H100N/XAA Digital HD Video 
Camera and embedded in a Microsoft PowerPoint file for presentation on an Apple 
MacBook Pro. Figure 3 shows images taken from the gestural stimuli. Beginning from 
the top left and moving clockwise, the images show punch, flick, float, and glide 
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gestures.
Figure 3  
 










Laban Movement Analysis (LMA) has been adapted to and included in many 
research paradigms, including behavioral research in psychology (Levy & Duke, 2003; 
Tsachor & Shafir, 2017) and anthropology (Blacking, 1983; Hanna et al., 1979). 
Additionally, LMA has been used as a methodological approach in drama, dance, and 
conducting (Aubin, 2010; Gambetta, 2005; Laban, 2011; Laban & Lawrence, 1947). 
Laban gestures were selected for the study because they have the potential to provide 
rich, meaningful, and familiar representations of everyday life experiences. For example, 
Laban referenced everyday life analogies for each of the gestures, including a downward 
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boxing-like stroke for punch, removing an insect from an article of clothing for flick, 
cradling a delicate object for float, and using an iron to remove wrinkles from clothing 
for glide (Erdemir, 2016). 
 According to Laban’s conceptual analysis, the gestures differed from each other 
in the qualities of time, space, and weight. Time refers to the amount of time between the 
onset and cessation of each gesture, ranging from sudden and abrupt to long and 
sustained. Space refers to the manner in which the gesture is approached, whether linear 
and goal-directed or more free-formed and wandering. Finally, weight refers to the 
amount of energy used in the gesture, on a scale of strong and powerful to that of 
weightlessness, as if floating in midair. Figure 4 shows a comparison of the stimuli with 
regard to space, weight, and time (Billingham, 2009; Gambetta, 2005): 
Figure 4  
 
Comparison of Gesture Stimuli Showing Differences in Space, Weight, and Time 
Effort Action Space Weight Time 
Punch Direct Strong Sudden 
Flick Indirect Light Sudden 
Float Indirect Light Sustained 
Glide Direct Medium Sustained 
 
Procedure 
The subjects were seated at a table in front of a 15-inch Apple MacBook Pro 
while wearing a HyperX KHX-H3CLW Cloud Gaming Headset connected via USB to 
the computer. The microphone was positioned approximately 1.5 inches from the 
subject’s lower lip, and the subjects were instructed not to touch the headset, microphone, 
159
or computer. Participants’ vocal responses were recorded digitally on the MacBook Pro 
using the application GarageBand. Recorded samples were later digitally edited for 
analyses using Logic Pro X on an Apple iMac desktop computer. The vocal responses 
were spliced and decontextualized in order to remove any identifying information about 
the subject, subject group, or condition. Then they were randomly ordered for later 
assessment by an expert panel of raters.  
The procedure began with a familiarization phase, during which the participants 
were asked to silently watch each of the four randomly presented videos while paying 
attention to how the gestures differed from one another. Subjects were then asked to 
watch the videos a second time while imagining themselves saying the nonsense syllable 
/dah/ in a way they felt most naturally matched the gestures they were watching. During 
the pre- and post-test phases, participants were instructed to say the syllable /dah/ out 
loud along with each gesture in a way that they felt most naturally matched what they 
saw. The subjects were instructed not to attempt to perform the gestures themselves or 
otherwise move their arms and hands during either the familiarization or the test phases. 
During all communication with the participants, the investigator paid careful attention not 
to use speech and mannerism variations that might influence the participants' responses. 
For the purposes of Study Two, a motor-training task was introduced as an 
intervention for half of the participants (n = 16; 8 ASD and 8 TD). The motor-training 
task was used to investigate the possible effect of motor training on subjects’ perceptions 
of the phonomimetic gestures. The remaining half (n = 16; 8 ASD and 8 TD) received a 
social intervention that was equivalent both in length of time and in the amount of social 
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interaction. Subjects in the motor-training condition watched the video clips again and 
were given the following instructions: “Now without saying the syllable /dah/, try to 
perform the gestures yourself as you watch the video, paying careful attention to make 
your gestures look exactly like the ones you see on the video." The training condition 
group watched each video four times, and the investigator offered feedback between 
viewings. Feedback included references to everyday life activities, such as the 
suggestion, “Can you punch your imaginary wall even harder?” Alternatively, “Imagine 
you were holding a baby kitten in your hand.” Throughout each interaction, the 
investigator carefully avoided terminology that could be misconstrued in auditory or 
vocomotor contexts, such as the words "softer" or "shorter." 
Subjects in the control group received an equivalent length of non-musical social 
interaction by narrating four randomly presented picture plates from the Stuttering 
Severity Instrument, 4th Edition: SSI-4 (Riley & Bakker, 2009) as shown in Figure 5. 
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Figure 5  
 
Four Picture Plates from the SSI-4: Stuttering Severity Instrument, 4th Edition 
 These picture plates depict scenes in which some things are clearly out of place. 
They are designed to stimulate conversation and to simulate the pressures of a typical 
social interaction through questions and challenges from the investigator. The 
interventions in both the experimental and control conditions were approximately 2.5 
minutes per gesture or per picture plate, with a total intervention time of approximately 
10 minutes per subject. 
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Figure 6  
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Utilizing a pre-test/post-test assessment, the researcher asked the subjects to 
repeat the pre-test measures following the intervention. Subjects were again asked to 
view the video recordings and utter the syllable /dah/ in a manner they felt best matched 
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the gestures they were watching. Each subject’s spoken /dah/s were audio-recorded and 
later edited into short audio files. The audio files did not contain any information about 
which of the four Laban gestures were being observed, nor did they include any 
information that might identify the participants.   
Methods of Analysis 
The audio files were randomly ordered across gesture types and participants. Two 
independent raters (one of whom is the author) listened to and evaluated audio recordings 
of participant responses to the visual stimuli without knowing which gesture the subject 
was watching at the time. A key prediction of the study is that the gestures themselves 
would resemble in some ways the vocal responses to them. The raters were unaware of 
the stimulus type. If they were able to categorize the viewed gesture solely from the audio 
recordings, then the only possible basis for the prediction would be the acoustic features 
of the spoken /das/ produced by the participants.  
Using a four-option forced-choice paradigm, the raters predicted which gesture 
subjects observed on a given trial based on the acoustical information the raters perceived 
in each audio recording. Rater accuracy was defined as the correct categorical 
identification of the observed gesture during each audio recording. The trained observers' 
judgments were scored as either correctly or incorrectly categorizing the subject 
responses to the gestures, and the frequencies of their correct judgments were used as a 
measure of how well the participants' spoken /das/ resembled the conducting like 
gestures. Percentages of these correct-judgment frequencies are the main dependent 
variable in the study. 
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Because the raters acted independently, and because the categorization options 
were independent and mutually exclusive, Cohen’s kappa (κ) was used to determine the 
strength of agreement between the two raters. Cohen’s kappa is thought to be a more 
robust measure of agreement than sole percentages as it considers the number of 
possibilities the raters may agree by chance alone (Cohen, 1960). Cohen’s kappa rating of 
inter-rater reliability for this study was (κ = .849, p < .000), which is considered to be 
near perfect agreement.
Study One 
Binomial tests on the percentages of accurate categorizations were used to 
determine if the raters' predictions were above chance level. T-tests were used to detect 
differences between typically developing subjects and subjects with ASD.  
Study Two 
The design for study two included three independent variables: two varied 
between-group, and one varied within-group as a repeated-measures variable. The 
between-group variables were Participant Group (Typically Developing and ASD) and 
Intervention Type (motor-training versus the control condition. The repeated-measures 
variable was Test-Phase (pre-tests before the intervention and post-tests immediately 
after the intervention). 
A three-way linear mixed-effects model (LMM) using a between-subjects fixed 
factor of group (TD vs. ASD), a between-subjects fixed factor of condition (motor 
training vs. equivalent social intervention), and a repeated-measures factor of test-phase 
(pre-test vs. post-test) was designed to investigate the three-way interaction of condition, 
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group, and test-phase. Because there were known differences in IQ between the two 
groups that could potentially affect the results, nonverbal scores from the KBIT-2 IQ 
assessment were used as a covariate.  
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CHAPTER FOUR: RESULTS 
The statistical analysis of the scores of the crossmodal conducting-like gesture 
task was developed to investigate two research questions. The first research question is to 
decide whether or not the subjects were capable of performing the task. The researcher 
hypothesized that both TD and ASD children could achieve the crossmodal couplings 
necessary to perform the vocal-motor mapping task and that there would be no between-
group differences. The expert raters' ability to predict the correct corresponding gestures 
to the spoken /da/ responses at above chance levels would demonstrate that the children 
were capable of performing the task by vocally mapping acoustic features onto a visual 
stimulus. Binomial tests and t-tests on the pretest data were performed to evaluate this 
hypothesis.  
 The second research question concerns the effects of motor training on the 
children’s ability to perform the task. The researcher hypothesizes that motor training in 
both groups will strengthen the crossmodal couplings necessary to complete the task. A 
three-way linear mixed-effects model to test between-subject groups by condition for 
each gesture type was conducted to test this hypothesis.  
Hypothesis One: Task Performance Competency with Possible Between Group 
Differences 
The results of the statistical analysis showed that the participants in both groups 
performed the pretest task with better than chance levels of accuracy for each gesture. 
Rater categorizations for the combined gestures in the TD group were 81% (p < .001) and 
79% for the ASD group (p < .001). Categorization accuracies by gesture in the TD group 
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Figure 7  
Categorization Accuracies in Percentages 
were 93.7% for punch, 81.2% for flick, 75% for float, and 75% for glide. Categorization 
accuracies by gesture in the ASD group were 71.8% for punch, 75% for flick, 81.2% for 
float, and 87.5% for glide. All results were significant at p < .001 (Figure 3). T-tests 
comparing group differences by gesture yielded insignificant findings for each: t(31) = 
0.122, p = .90 for punch; t(31) = -0.06, p = .95 for flick; t(31) = -0.23, p = .81 for float; 
and t(31) = -0.24, p = .80 for glide. As illustrated in Figure 6, both groups performed well 




Hypothesis Two: Group Differences in Task Performance Interacting with 
Condition 
A linear mixed-effects model (LMM) (Diggle et al., 2013; Pinheiro & Bates, 
2000) was used to address the second research question using the mixed procedure of 
SPSS version 25 (IBM Corp., 2017). The LMM, compared to a standard ANOVA 
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approach, is known to have better control for data gathered from repeated measurements 
nested within and between individuals (Nich & Carroll, 1997). The model examined the 
effect of motor training on ASD and TD children's ability to produce sounds that match 
the observed gestures. The model included a between-subjects fixed factor of Group 
(ASD vs. TD), a within-subjects fixed factor of Training Condition (motor vs. control), 
and a within-subject fixed factor of Task Order (pre-test vs. post-test) with IQ used as a 
covariate. The dependent variable was categorization accuracies (the percentage of the 
sound files correctly identified as belonging to its corresponding gesture) in percentages.  
The results of the group by Condition by Test-Phase multivariate analysis of 
variance showed that the effect of Test-Phase was statistically significant, F(1, 28) = 
6.48, p = .017. The possible main effect of Group did not approach statistical 
significance: F(1, 27.23) = 0.29, p = .595. The possible main effect of Condition did not 
approach statistical significance: F(1, 27.16) = 1.16, p = .215. Subjects in both groups 
and in both conditions made statistically significant pretest-posttest gains in the ability to 
perform the task. 
Additional pairwise comparisons were conducted to assess the possible benefits of 
each intervention for each group using Bonferroni correction in order to control for the 
number of repeated statistical tests. The comparisons showed that only the ASD 
children’s performance in the motor-training condition improved from the pretest to the 
posttest trials to a statistically significant degree, β = −1, SE = .37, p = .011, Bonferroni 
adjusted. The performance of the ASD group in the picture-narration condition, designed 
to control for the possible effects of social interaction during the motor training condition, 
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Figure 8  
Pretest-Posttest Results by Group and Condition 
did not improve (p = .737). The equivalent effect was not statistically significant for the 
children in the TD Group either, with a p-value = .185. They showed somewhat higher 
posttest scores compared to their pretest scores in the motor-training condition than in the 
picture- narration condition, but these effects were not statistically significant either (p = 
.185). The results of the three-factor multivariate analysis of variance can be seen in 
Figure 7. The calculations indicating that the ASD group exceeded 100% accuracy in the 











The typically developing children showed somewhat higher posttest scores 
compared to their pretest scores in the motor-training condition than in the picture plate 
narration condition, but these effects were statistically non-significant.  
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CHAPTER FIVE: DISCUSSION 
 I designed this study in order to test two research questions. The first question 
was whether or not the participating children were capable of performing a vocomotor-to-
gesture matching task, and if so, whether typically developing children and children with 
ASD differed reliably in how well they performed the task. The task was a simple vocal 
response task. The participants were asked to watch videos of conducting-like gestures 
and to say the nonsense syllable /dah/ in a way they felt matched the gesture. A panel of 
raters listened to audio recordings of the participant’s responses and tried to guess which 
of the four gestures the subjects were watching at the time. In order for the raters to guess 
correctly, subjects would have to demonstrate strong visual-to-vocomotor couplings in 
their performances. The binomial tests and t-tests used to compare subject responses 
showed that both groups were highly competent in their ability to perform the matching 
task. Furthermore, a group comparison showed that performances by both typically 
developing children and children with ASD did not differ reliably from one another. In 
other words, the children with ASD achieved crossmodal visual-to-vocomotor couplings 
just as well as the typically developing children. 
 The basis for my second question was my hypothesis that motor training—
specifically, training the children to perform the hand-arm gestures themselves—would 
improve the subjects’ performance of the vocomotor task. A three-factor linear mixed-
effects model (LMM) confirmed that children with ASD showed significant improvement 
(after practicing the gestures) in their ability to match their vocal responses to the 
gestures. This indicated that practicing the gestures alone had resulted in stronger visual 
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to vocomotor coupling. While children with ASD showed statistically significant 
improvement in the motor training condition, they improved only slightly control 
condition. Typically developing children tended to improve their matching abilities under 
both conditions, but not significantly so. 
 In the motor training condition, participants were introduced to the gestures by 
name and given an example of how each gesture might be used in some daily life 
activity. The participants were then allowed to view the gesture videos again and asked to 
make the gestures themselves as they watched them. They were explicitly asked not to 
make any vocal sounds during the practice session, and as a result, the participants did 
not make any vocalizations. The tester purposefully avoided using any adjectives that 
might be relatable to sounds or sound production, such as short, long, high, low, or soft. 
Additionally, the tester avoided using expressive speech that the participants might 
consciously or subconsciously attempt to mimic. The participants practiced gesturing 
along with each of the four gesture videos and were asked to repeat the process for a total 
of four viewings/practices for each gesture type. Each video contained ten repetitions of a 
single gesture, so the participants repeated each gesture 40 times, bringing the total 
number of gesture repetitions to 160. Participants' responses were recorded, blinded by 
removing any identifying information, and randomized so that the raters knew nothing 
about the participants' identity or the order in which they watched the videos. 
 For the purpose of this study, improvement was defined as an increase in 
accuracy, which was measured as a pretest-to-posttest change in the raters’ ability to 
determine which gesture video the participant was watching at the time the response was 
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uttered. A positive change would indicate improved performance of the task and, 
therefore, strengthening of crossmodal correspondences between modalities. In other 
words, task improvement demonstrates generalization from gesture to vocalization, since 
practicing the conducting-like gestures facilitated subjects’ vocomotor responses.  
 The correspondence of the subjects’ spoken syllables fit the conducting-like 
gestures even better after motor training than before the motor training. The results of this 
study show that video modeling of nonverbal gestures and motor practice of those 
gestures can improve children’s spoken performance. Based on this empirical finding, 
two working hypotheses have emerged. The first is that the benefits of nonverbal training 
of conducting-like gestures will generalize to sung syllables as well as spoken ones. The 
second is that the benefits will generalize to teaching and learning of the musical 
concepts of duration, amplitude, and pitch as applied to children’s vocal and instrumental 
music production. These working hypotheses need further empirical investigation and are 
discussed below. 
 The remainder of this chapter begins with a review of the motor training task and 
its logic, followed by implications of the findings for three considerations, as reported in 
this dissertation. One consideration concerns our general understanding of autism. A 
second consideration regards how typically developing children and children with autism 
learn about music. The third consideration concerns the degree to which phonomimetic 
gesture, as embedded in music education practices, facilitates music learning in typically 
developing children and those with autism. The chapter concludes with recommendations 
for future research and the contextualization of the study in the frameworks of semiotics 
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and neurodiversity. 
Review of the Perception of the Conducting-like Gestures Task and its Logic 
 The first objective in this study was to determine whether or not typically 
developing children and children with ASD could demonstrate an understanding of 
phonomimetic gesture. Moreover, the objective was to investigate whether they could 
demonstrate their understanding by producing syllabic responses to video-recorded 
gestures in a way that matched the gestures. A second objective was to explore the 
hypothesis that training children to perform the gestures themselves would increase their 
ability to map their vocomotor responses crossmodally onto the visual features of the 
gestural stimuli. 
 To investigate children's understanding of these four phonomimetic gestures, I 
used a phonomimetic gesture task for visual-motor performance. I developed this task 
along with colleagues at Vanderbilt University to study adults and then adapted it to use 
with typically developing children and children with ASD solely for the purposes of this 
dissertation. This phonomimetic gesture task consists of asking someone to watch video 
recordings of a single Laban gesture and to produce the syllable /dah/ while watching the 
gesture. One leading hypothesis was that children would naturally, without explicit 
instruction, vary the /dah/ syllable responses across four different conducting-like 
gestures. My investigative method was to play video recordings of four different Laban 
gestures, in random orders, for each participant. I then asked participants to speak the 
syllable /dah/ along with each video-recorded gesture in a way they felt best matched the 
gesture. I made audio recordings of the subjects’ spoken /dah/ responses and combined 
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them into a new sound file for scoring. The files contained no information about the 
participant or about the orders of the gestures they watched when speaking their /dah/ 
syllables. Every subject responded by speaking the /dah/ syllables in each of the repeated 
trials of each stimulus condition. Because the act of merely producing the syllable /dah/ 
would not necessarily show that participants understood the gestures phonomimetically, I 
needed a method to determine if the /dah/ syllables they produced corresponded 
acoustically to the gestures they observed.  
 To assess this correspondence, I employed a perceptual classification task using 
musically-trained adult judges. The judges were aware they were rating the responses of 
children, but they were blind to the identity, group, or stimulus condition of any of the 
participants. The perceptual classification task consisted of asking two independent 
judges to listen to the audio recordings of the subjects’ /dah/ responses and to guess 
which of the four Laban gesture videos (flick, punch, float, or glide) the participant was 
watching at the time. Each of the gestures varied slightly in duration, weight, space, and 
energy. The participants converted these visual qualities into acoustic information in the 
form of vocomotor responses. It was the judges’ responsibility to listen to the qualities of 
those responses—duration, amplitude, pitch, and vowel usage—and code them back into 
visual information. If the raters were unable to detect any correspondence, they would 
have to have guessed randomly. In this case, the possibility of correctly classifying the 
responses was 1 in 4 or a 25% chance. If the judges were able to detect the 
correspondences and classify the responses correctly, the reliability of doing such would 
have been much higher than 25%. This perceptual classification task, requiring the judges 
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to map the spoken responses onto one of four visual stimuli, employed auditory to visual 
mapping perceptual processes. 
 Conversely, the participants' perceptual processes when producing vocal sounds 
to match the visual stimuli could have employed two different mapping models. The 
difference between these two models lies in the engagement of the auditory system. If the 
participants simply watched the stimuli without considering what the response should 
sound like, the response followed a visual to vocomotor mapping model. Nevertheless, 
since the participants could also hear the musical qualities of the syllables they produced, 
they may also have employed a visual to auditory mapping model. It is also possible that 
they used a combination of both models in this task. The design of this experiment does 
not tease apart these two possibilities. 
Implications for Understanding Autism 
 One salient finding from this study is that both typically developing children and 
children with ASD are capable of encoding phonomimetic, gestural information from 
visual stimuli, and producing acoustically analogous vocal responses. Moreover, children 
from both groups interpreted the features of the visual stimuli in precisely the same way, 
suggesting that they experience identical crossmodal correspondences. Finally, because 
there was a significant improvement in the judges’ ability to correctly categorize the type 
of gesture viewed by the ASD children during the motor training condition, one can 
assume that crossmodal correspondences in ASD are somewhat fluid and are capable of 
being strengthened. 
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Implications for Research in Autism 
 Numerous cognitive and perception study results indicate that people with ASD 
possess a visual processing bias for low-level or detailed visual features of a stimulus that 
are accompanied by either reduced or intact processing of global features when compared 
to typically developing controls (Simmons et al., 2009). Researchers have posited that 
persons with ASD maintain a distinct cognitive style that enables them to perceive, 
process, and act on information in ways that differ from their typically developing peers. 
There is a lack of consensus, however, regarding how persons with autism perceive their 
worlds. Of the six leading neurobiological and perceptual theories developed to explain 
that cognitive style, two emerge as being relevant to this study, namely the Weak Central 
Coherence (WCC) theory and the Enhanced Perceptual Functioning (EPF) theory. The 
WCC relies heavily on discrimination skills based on local versus global processing in a 
given task; however, there is much debate on what comprises a global task—and a 
complex stimulus—particularly in music. Studies designed to investigate music 
processing under the purview of these two theories center mostly around pitch 
perception, pitch discrimination, timbre, and melodic/interval contour.  
 This study is unique in that it tests for those things as mediated by the motor 
system. Music is a multimodal stimulus. Features of music (pitch, timbre, duration, 
amplitude) co-occur. Extracting one component out of context is to invalidate how one 
experiences music. Because these features have gestural equivalents of time, space, and 
energy, phonomimetic gesture may be useful to study these features of musical 
expression as embedded in the context of a meaningful musical experience. The results of 
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this study suggest that using gesture may also benefit learning and teaching for persons 
with ASD and others who might have atypical language use or other social and 
communication processing differences.  
Implications for Research in Autism and Crossmodal Correspondence 
 Crossmodal correspondence is a phenomenon that occurs when information from 
a single stimulus is perceived by and processed in more than one modality. An essential 
aspect of crossmodal correspondences is that they are shared by many people, and in 
some cases, are assumed to be universal. Studies of crossmodal correspondence in autism 
are relatively few and contain mixed results. For example, Occelli et al. (2013) 
acknowledged that some subjects' poor performances in a crossmodal matching task 
might be attributed to the use of verbal, written instructions for the task. The researchers 
suggested that future studies use nonverbal tasks to control for this confounding variable 
that may impact persons with cognitive. In contrast, the current study employed simple 
verbal instructions along with a nonverbal task and found robust crossmodal associations 
between gesture and vocomotor sounds. This study did not address the extent to which 
auditory feedback influenced the subjects’ responses. As a result, two different 
crossmodal associations may have occurred, depending on whether subjects paid 
attention to the sounds of their responses and adjusted them accordingly. Replication of 
the study using a masked feedback condition would help determine the involvement of 
the auditory system. 
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Implications for Music Learning in TD Children and Children with ASD 
 Both typically developing children and children with ASD in this study 
interpreted the features of the visual stimuli in the same way, suggesting that they 
experienced similar crossmodal correspondences. Because these correspondences pertain 
to acoustic features found in music and music-making, one can assume that gesture might 
be practical in facilitating music understanding in both groups.  
Music Learning and Embodied Cognition  
 In the latter half of the 20th century, there emerged from the field of cognitive 
science a rejection of the cognitivist view that the mind and body act as separate entities. 
In this cognitivist view of Cartesian Dualism, the mind acts very much like a computer 
hard-wired to the body mediating signals to and from the brain. In contrast, in the 
embodied view of cognition, cognitive processes are deeply entrenched in the body's 
interaction in the physical world, and that it is most assuredly those interactions that drive 
the formation of the mind. Central to the embodied view is the position that the body is 
the locus of cognitive processes rather than the brain. Proponents of embodied cognition 
pose that the body acts as a mediator through which the motor system simplifies 
cognitive processing and memory. They suggest that it is precisely the involvement of the 
body—through both perception and action—that is required to bring both the richness 
and depth needed to create meaningful representations.  
 Four discrete phenomena have driven research in embodied cognition, all of 
which are relevant to this study design. First, embodied cognition researchers assert that 
vision most strongly influences actions. They posit that the coupling of the visual system 
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with the motor system is incredibly strong. Researchers also believe that vision functions 
as a type of action as we explore our surroundings. The present study takes advantage of 
this coupling by employing a task using visual stimuli paired with a motor response. I 
used visual stimuli in this study because conducting gestures are typically visually 
perceived by musicians and because vision couples more tightly with the motor system 
than other modalities.  
 The second phenomenon is that embodied cognition researchers propound that 
mirror neurons play an integral part in cognition. The mirror neuron system is comprised 
of a unique set of neurons that become activated when we observe someone else perform 
an action. The MNS might contribute to our exceptional ability to learn by imitation. 
Although exploring the specifics regarding MNS involvement is beyond the scope of this 
investigation, I hypothesize that there are three possible avenues for mirror neuron 
system involvement in this study. One is that the motor system is activated in participants 
as they observe the visual conducting-like stimuli. A second is that practicing the gestures 
in the motor training condition might strengthen crossmodal correspondences between 
the visual and motor systems. A third is that as the raters judged the audio recordings of 
subject responses, they were likely activating their visual systems via auditory stimuli. 
Further exploration of these phenomena is needed through the use of fMRI. 
 The third phenomenon is that embodied cognition researchers assume that the 
motor system involvement simplifies cognitive processing. Results from the present 
study indicated that subjects with a wide range of cognitive abilities respond effectively 
through phonomimetic gestures. There exists a possibility that offloading the processing 
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of the musical qualities of pitch, timbre, duration, and amplitude from the demands of 
cognitive processing onto the motor system may simplify the cognitive processes 
involved in understanding and performing them. The fourth and final phenomenon is that 
embodied cognition researchers suggest that gesture plays a key factor in cognition. 
Gesture is a naturally occurring, nonverbal human behavior. While some gestures are 
naturally communicative or expressive, others appear to be completely meaningless. 
Gesture takes many forms in music. Infants respond to music by wiggling their bodies. 
Dance is pervasive in cultures all over the world. Conducting synchronizes not only the 
timing of the musical efforts of many performers in a group but communicates a wide 
variety of musically expressive characteristics, including dynamics and articulations. 
Those same expressive features can be found in phonomimetic gesture. Gesture can also 
be used to encode information to assist in task learning, memory, mathematics, and 
foreign language acquisition. Although the gesture research literature focuses on several 
different forms, very little is known about phonomimetic gesture. This study contributes 
to the gesture literature and the embodied cognition literature in that it explores several 
relationships through the intersections of music, learning, perception, action, and 
crossmodal associations as mediated through the motor system.  
 There are two topics relevant to this study that emerged as a result of work in 
embodied cognition—Cognitive Load Theory and Enactive Cognition. First, Cognitive 
Load Theory (CLT) developed as a theoretical framework from the application of 
embodiment to educational practice. CLT research results reinforce embodied cognition 
hypotheses in finding that a human movement effect may show an exceptional processual 
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relationship between gesture and working memory. Researchers have learned that gesture 
aids in schema formation by making more working memory available. Second, some 
music education scholars have very recently embraced Enactive Cognition, an 
amelioration of Embodied Cognition. Enactive cognition serves as a radical departure 
from long-standing educational music education practices that, by their very nature, risk 
excluding some students with learning differences. 
Music Education and Enactive Cognition 
 Varela et al. (2017) proposed an enactive approach to cognition as a continuation 
of work established by the French philosopher Maurice Merleau-Ponty. Rooted in 
Merleau-Ponty’s phenomenological perspective, enactivists reject the mind-body dualism 
that permeated Western scientific culture in the 1940s and 1950s. Central to the tenet of 
enactive cognition is the integrated relationship of biological and phenomenal structures 
that are connected with feedback and feedforward loops revolving around knowledge, 
cognition, and experience (Jeannerod, 2006). The notion of double embodiment is the 
concept that our bodies are both physical and lived, experiential structures that are 
simultaneously biological and phenomenological. Through double embodiment, the body 
becomes the nexus between lived, life experience, and the biological context of cognitive 
mechanisms (Varela, 2017, p. xii).  
 Enactive cognition has been embraced very recently by music education 
philosophers. Writings by Dylan van der Schyff (van der Schyff, 2015a, 2015b, 2017, 
2019; van der Schyff et al., 2016), Andrea Schiavio (Matyja & Schiavio, 2013; Schiavio 
et al., 2019; van der Schyff et al., 2016) and David J. Elliott (Elliott, 1996; van der Schyff 
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et al., 2016; Westerlund & Juntunen, 2005) develop and apply an enactive approach to 
cognition as it pertains to music and music education. According to van der Schyff 
(2015a), this viewpoint “affords a relational and bio-cultural perspective on music that 
decentres the Western focus on language, symbol and representation as the fundamental 
arbiters of meaning” (p. 1). Central to the framework of enactive cognition is the belief 
that cognition is self-constructed through an organism’s interaction with its environment. 
This continuous interaction, involving sensory processing, allows the organism to 
undergo a process of ‘participatory sense-making,’ which is necessary for the organism’s 
survival and wellbeing. This self-organizing, or autopoietic, agency is in stark contrast to 
the Western, decontextualized, and disembodied approach to music and music education 
long associated with the academy. Viewing music education through the lens of 
enactivism affords us an opportunity to reexamine the meaning of music-making and 
expression from the foundational levels of cognition, intersubjectivity, and selfhood.  
 The purpose of this investigation is congruent with the tenet of enactive music 
education as it examines how typically developing children and children with ASD 
engage with their environments in a musical way. Moreover, the study employed a 
crossmodal, perception/action matching task designed to engage the mirror neuron 
system. The study was designed to access children’s self-constructed knowledge gained 
from environmental interaction and to explore the potential for strengthening that 
knowledge through the motor system. The study design included intersubjectivity, as 
expert raters were used to interpret subjects' vocomotor responses in a musically and 
gesturally congruent way. The task involved bodily movement that is nonlinguistic, 
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reflexive, and crossmodally metaphorical. Additionally, the task instructions contained a 
limited use of language, and there were no abstract, symbolic representations involved. In 
conclusion, I suggest that the present study encompasses the spirit of van der Schyff’s 
(2015a) assertion that enactive cognition concerns mental processes that “allow us to 
recognize and create ‘metaphorical’ relationships between cross-modal perceptions, 
affective-emotional responses and feelings as we reach out to the world and thus develop 
and move (and are moved) through time and space” (p. 6).  
Implications for Phonomimetic Gesture as an Inclusive Practice for Music 
Education 
 The application of Merleau-Ponty’s premise regarding the body as the primary 
agent of knowledge has existed in music education for over a century. Juntunen and 
Hyvönen (2004) argue that bodily movement, as contextualized in Dalcroze Eurhythmics, 
can impart musical knowledge. Jaques-Dalcroze vehemently rejected the Cartesian 
dualism that permeated western music instruction, and instead prioritized bodily 
experiences over intellectually conceived, abstract concepts. Despite anecdotal evidence 
from music teachers regarding the efficacy of Dalcroze Eurythmics, and despite 
recommendations from music education scholars regarding the importance of 
embodiment in music learning and knowing, the actual role of bodily movement in music 
learning and knowing is not well understood (Bowman, 2000; Bowman, 1998; Elliott, 
1996; Juntunen, 2002; Juntunen & Hyvönen, 2004; Regelski, 1996, 1998). 
 I posit that the results from the present study contribute to understanding the role 
of the body and body movement in music learning. Moreover, I suggest that these 
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findings, in tandem with the recognition of phonomimetic gesture as an established 
musical practice, may benefit music education practices in three additional ways, namely 
application to universal design, video modeling, and benefits for children with ASD. 
Phonomimetic Gesture as a Musical Practice 
 Phonomimetic gesture and movement-based descriptors have long time 
associations with music-making. Effective use of phonomimetic gesture is a hallmark of 
a master conductor. By varying the elements of time, space, and weight/energy within a 
single gesture, a highly skilled conductor can convey non-verbal information regarding 
duration, intensity, pitch, and pitch variability. Musicians map their motor responses onto 
the gestures they observe, allowing the conductor to achieve a desired musical effect 
(Erdemir, 2016; Erdemir, Bingham, et al., 2012). 
 Interestingly enough, composers have often referred to these same gestural 
elements when writing tempo and expression markings in their works. Beyond the 
spectrum of tempi from Grave to Prestissimo (many of which already contain references 
to human movement), we find references to space and to weight/energy. In Gustav 
Mahler’s Symphony No. 2 (Resurrection) alone, Mahler refers to space with lange 
(long), sehr breit (very broadly), sehr kurz (very short) aus weiter Ferne (from the far 
distance) and weight with aber wuchtiger (but weightier, heavier), and besonders leise 
(especially lightly). Moreover, just prior to the Maestoso section of the finale, Mahler 
references all three elements in a single missive as he instructs the conductor to produce 
the following from the timpani and auxiliary percussion: “sehr langsam und stetig bis zur 
höchsten Kraft anschwellend” (very slowly and steadily swelling to highest strength). 
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 Èmile Jaques-Dalcroze considered time, space, energy, and weight to be integral 
components of musical expression and included them alongside balance and plasticity in 
his equation for "eurhythmia,” or good flow, as seen in Figure 8 (Caldwell, 1995).
Figure 9  
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 The Dalcroze Equation components of space, time, and weight correspond with 
three of Laban’s motion factors utilizing the same names. Laban used these three motion 
factors in various combinations to determine his Eight Effort Actions, of which four were 
used in this study. Laban's lexicon affords us a convenient and pertinent frame to 
reference movement as it pertains not only to movement but also to music-making and 
music understanding. 
 In congruence with Jaques-Dalcroze’s and Laban's philosophies, I propound that 
the process involving the observation of and response to phonomimetic gesture is a 
universal, nonlinguistic, pre-reflective musical practice. In study one, children watched 
videos of four unique, Laban-based gestural stimuli and were asked to say the syllable 
/dah/ in a way that best matched the gesture. In doing so, they varied their responses 
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according to the visual features of the gestures. The fact that they all varied their 
responses in a similar fashion suggests that crossmodal correspondence was responsible 
for the congruence between the visual system and the motor system. Whether or not there 
was auditory system involvement will need further investigation. Additional studies using 
functional magnetic resonance imaging could be used to determine the level of 
involvement of the mirror neuron system. The nonsense syllable /dah/ was used to avoid 
any linguistic reference that might insert unwanted meaning to the response. In study one, 
I took careful consideration to avoid any references that might cause the subject to reflect 
on any life experiences in order to preserve the pre-reflective quality of the responses 
(Gallagher & Zahavi, 2005). 
Phonomimetic Gesture and Universal Design 
 The practice of Universal Design (UD) was first introduced in the field of 
architecture in an effort to accommodate people with a wide range of disabilities and 
circumstances using a single, simple design. For instance, wheelchair access ramps may 
also be used by people pushing strollers, riding skateboards, or even walking. Educators 
have since adopted the philosophy of UD and applied it to teaching and learning. Under 
the practice of a Universal Design for Learning (UDL), the use of multiple teaching 
strategies based on accommodations is replaced by employing a single approach that is 
easily accessible to students with a wide range of physical and cognitive abilities.  
 The use of phonomimetic gesture as an approach to teaching musical expression 
may not be entirely accessible for every student, however. Although most students 
experience self-directed movements that involve time, space, and energy, a student with a 
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movement impairment, may not have had an equivalent experience. Moreover, because 
everyone experiences time, space, and energy in some physical way, the use of 
phonomimetic gesture may be a likely resource under the philosophical underpinnings of 
UDL. Phonomimetic gestures are categorical, meaning that the motion qualities of the 
gesture are used to determine its classification rather than some other semantic aspect. 
Because phonomimetic gestures are categorical rather than prescriptive--or limited to a 
single, particular movement--they may be widely adaptable to various students and 
contexts. 
 Shared pre-reflective kinesthetic experiences exist beyond the bounds of culture. 
Most children have had the experience of lifting something heavy or hitting something or 
brushing something away. These experiences serve as a common beginning to the 
process of sense-making—of bringing pre-reflective knowledge—both kinesthetic and 
musical--to a conscious level. Additionally, findings from previous research indicate that 
gesture has applications beyond that of communication. When enlisted as an aid to a 
learning task, researchers have found that gesture can reduce or even shift cognitive load, 
allowing student attention to be focused on other tasks. While freeing up attentional 
resources likely benefits all students, some students may especially benefit from reduced 
cognitive load during task performance. Additional exploration is needed to determine if 
phonomimetic gesture effects music learning in the same way. 
 Based on the present study results, phonomimetic gesture may be an appropriate 
approach for classrooms containing a wide array of cognitive abilities. However, further 
investigation is needed to determine its effectiveness in a classroom setting, with and 
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without the introduction of the Laban Effort Action rubric.  
Benefits for Children with Autism 
 The use of phonomimetic gesture is congruent with the Jaques-Dalcroze approach 
in providing a framework for understanding body movement and its relationship in 
musical knowing. Additionally, it follows Merleau-Ponty's philosophy that the body is 
the primary agent of knowing. Findings from this study suggest that pre-reflective 
knowledge is also present in children with ASD.  
 Researchers suggest that persons with ASD lack an ability to imitate gestures, 
including those that are meaningless or non-goal directed. Some researchers attribute this 
to a dysfunctional MNS, while others do not. Silverman et al. (2010) posited that persons 
with ASD exhibited crossmodal impairments when processing speech and gestural 
stimuli simultaneously. In contrast, Onur (2011) found that gesture assisted ASD students 
with language acquisition, and the combinations of gestures with verbal instructions 
helped ASD students acquire receptive skills more effectively than verbal instructions 
alone. Because most of the ASD gesture research involves very young children, little is 
known about gesture usage and understanding in older children with ASD compared to 
their typically developing peers (So et al., 2015). The current study adds to existing 
knowledge regarding the likely involvement of the MNS, skill acquisition as manifested 
in possible crossmodal associations, and gestural use and understanding in older children 
and adolescents. Additionally, findings from this study include three possible benefits of 
using gesture for children with ASD: categorical gestures such as those proposed by 
Rudolf Laban as a means to systemize, a non-verbal mode of instruction and assessment, 
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and extra-musical benefits. 
Categorization as Systemization 
 According to the Empathizing-Systemizing Theory of autism, persons with ASD 
often possess not only a predilection for but remarkable abilities for systemization. As a 
result, Baron-Cohen (2010) recommended that teachers of children with ASD design 
instructional methods that take advantage of systems wherever possible. Laban’s rubric 
of gesture classification affords a convenient lexicon for gesture categorization, which 
may facilitate discussion, teaching, and the assessment of musical expression. For 
instance, one might categorize the various ways that different composers used the tenuto 
marking as means of expression and apply gesture categories to those different ways. 
From there, one might progress to a discussion about the techniques involved in 
producing those gesture-like sounds on a specific instrument. For example, one might 
present all the possible ways to produce the sounds of a flick gesture on a violin, either on 
or off the string.  
Nonverbal Mode of Instruction  
 Students enter the music classroom displaying a vast array of verbal and linguistic 
abilities. Because music is one of the few classes where students can participate 
nonverbally, it makes sense to provide a mode of instruction in which some musical 
concepts may be presented nonverbally. For instance, since the qualities of amplitude, 
duration, pitch, and timbre can be represented gesturally, one might ask the students to 
respond simply by vocally matching to a given gesture instead of presenting those four 
qualities verbally. This approach may be especially helpful in an ensemble rehearsal 
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when attempting to get students to learn a particular articulation or style. One can ask the 
students to make the gestures themselves and manipulate students’ gestures until they 
reach the desired articulation. Achieving clarity and synchrony in diction in a choral 
ensemble might be another effective use of phonomimetic gesture. 
 Although the study task involved matching a vocal sound to a visual stimulus, a 
reverse matching task may also help strengthen crossmodal associations between gesture 
and sound. For example, one might ask each student to make up a gesture that looks like 
their name sounds and then introduce themselves to classmates. Perhaps they might even 
have improvisatory gestural conversations. Finally, students may combine different 
gesture types and take turns conducting improvisatory warm-up exercises in a follow-the-
leader game. 
 Using phonomimetic gesture as an instructional modality also provides a 
nonverbal model of assessment, which may be particularly useful for students who lack 
technical ability on an instrument. This lack of technical facility may interfere with their 
ability to communicate their understanding of musical concepts. Students may be able to 
communicate desired note shapes through gesture that they cannot verbally describe and 
cannot yet achieve on their instruments. 
Extra-musical Benefits  
 Music educators have long utilized the movement-based approach of Jaques-
Dalcroze in teaching music to learners of all types and ages. Dalcroze activities have 
been shown to be beneficial for special needs students for both musical and extra-musical 
benefits. Although Dalcroze activities have a long history of use as an intervention in 
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therapeutic settings, a few researchers have recently found similar extra-musical benefits 
in educational settings. Included in these findings are enhanced social, emotional, 
cognitive, musical, physical, and behavioral development in children with ASD 
(Kivijärvi et al., 2017; Sutela et al., 2016, 2019). 
Limitations of the Study 
 There are six limitations of this study. First, this study is of limited 
generalizability because of its small sample size, a result of limited access to children 
with ASD. The fact that IQ and age were used as statistical controls increases the study's 
robustness, however. Second, social competence varies widely in children with ASD. It 
may be that ASD children with increased social competence did better on the task than 
those with reduced social competence. Third, subjects in the control group may have 
benefited from the social intervention alone. Fourth, elements of co-narration between the 
investigator and the subjects in the control condition may have improved the subjects’ 
ability to perform the task. Fifth, because video watching is a common recreational 
activity, it may have served as a more comfortable mode of intervention than would an in 
vivo setting. Researchers suggest that video modeling promotes repetition and minimizes 
distraction due to a restricted field of focus (Buchsbaum et al., 1992; Casey et al., 1993; 
Garretson et al., 1990). As a result, video modeling has been found to produce faster skill 
acquisition and is promoted as an evidence-based practice for ASD. In this study, video 
modeling does not replicate a typical face-to-face intervention typically found in a 
classroom setting. Finally, because the study does not occur in the social setting of a 
typical music classroom, any perceived benefit from the intervention cannot be 
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generalized for use in such a setting. Further investigation is needed to determine the 
efficacy of its use in a music classroom. In summary, the purpose of this study is to 
investigate typically developing and ASD children's responses to a motor training 
intervention that includes the perception of musical features in gesture. 
Recommendations for Future Research 
 Results from this study suggest that phonomimetic gesture is a nonlinguistic, pre-
reflective musical practice that connects music and music learning with life-lived 
experiences. Additionally, the results indicate that reinforcement of phonomimetic 
gesture through motor practice may strengthen the ability of typically developing 
children and children with ASD to communicate the expressive qualities of duration, 
amplitude, pitch, and timbre in music. Therefore, I recommend the following: 
Replication of the Study in Other Settings 
 This study was conducted in a laboratory in a one-to-one ratio between the 
investigator and a subject. In some ways this context resembled a single individual music 
lesson, but a logical next step would be to replicate the study in the context of a music 
learning setting. Potential settings include a face-to-face private lesson, a remote learning 
private lesson, face-to-face or remote general music, vocal, or instrumental performance 
classes. 
Replication of the Study Using ‘In Vivo’ Modeling  
 There exists considerable evidence to support the benefits of video modeling for 
children with ASD (Bellini & Akullian, 2007; Charlop & Milstein, 1989; Corbett, 2003; 
Corbett & Abdullah, 2005; Corbett et al., 2011; LeBlanc et al., 2003; Nikopoulos & 
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Keenan, 2007). The use of video modeling for motor practice might have positively 
influenced the ASD subjects to perform better under the experimental condition. Because 
subjects in one or both groups may have performed differently using in vivo modeling, 
this study should be replicated without the use of video modeling. 
Replication of the Study with Other Populations  
The use of phonomimetic gesture as a nonverbal form of musical communication 
and instruction benefitted children with ASD. As it is unknown whether it may benefit 
others, the study may be replicated with children of other populations, such as non-ASD 
developmental disabilities, language impairments, or even with second language learners.  
Adaptation of the Intervention to a Longitudinal Study 
 Because the length of intervention in this study was limited to approximately 30 
minutes, further investigation of the use of phonomimetic gesture is recommended to 
determine its long-term efficacy in a classroom setting. Additionally, because it is 
unknown if any neurological changes occurred during the brief motor training 
intervention, further studies utilizing neurological imaging techniques may help separate 
the roles of motor system activation and categorization strategies in enhancing the visual-
to-motor crossmodal couplings in children with ASD. 
Generalizability to Instrumental Practices  
 I asked for vocal responses to phonomimetic gesture for two reasons. First, I was 
interested in the pre-reflective nature of musical responses that might be present in 
children regardless of their pre-existing musical experience level. Second, a child's level 
of technical proficiency on an instrument, or lack thereof, may have produced a poor 
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representation of that child's phonomimetic perception. However, future investigations 
are warranted to see if these findings generalize to children's performances using musical 
instruments.  
Semiotics, Neurodiversity, and Music Education 
 Semiotic Theory refers to all things concerning the nature of signs, including 
signification, representation, reference, and meaning (Atkin, 2013). Early semioticians 
seated initially in the field of linguistics held a Cartesian view in which human thought 
processes and objects existed independently of one another. The American philosopher 
Charles Peirce (1839-1914) rejected this dyadic view, contrasting a subject versus an 
object. He believed that human thought processes resulted from experience as driven by a 
person's interaction with the environment. Peirce conceptualized a model in which the 
sign moves from the role of "object" to that of "mediator," allowing the subject to 
become an "interpretant." In this triadic approach, Peirce shifts the static relationship of 
sign-object to a dynamic process of sign-making, by which humans interpret existing 
signs and respond by producing new signs. Swiss psychologist Alfred Lang (1993a) 
added a fourth element of culture and devised a "semiotic circle" to explain the semiotic 
process in detail. In Lang's extension of Peirce's non-Cartesian view, the field of 
semiotics broadens from a mere linguistic concept to that which includes a psychological 
process (Spychiger, 1997). Signs under the process model move beyond the bounds of 
linguistics to things that "which promote ongoing human life in culture," such as 
numbers, gestures, sounds, pictures, and motions (Spychiger, 2001, p. 55).  
 Spychiger (1997, 2001) applied Lang's semiotic circle of psychological processes 
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to music education. She contended that Lang's circle equally supports both David Elliott's 
praxial approach and the aesthetic approach put forward by Bennett Reimer. 
Furthermore, she suggested that a semiotics-based perspective provides adequate 
common ground to reconcile these seemingly disparate philosophies.  
 Spychiger (1997, 2001) suggested using an analog clock face as a metaphor for 
Lang's semiotic circle, with positions three, six, nine, and twelve for the four conditions 
of semiosis. Positions nine and three (IntrO and ExtrO) stand for the functions of 
perception and action, respectively, while positions twelve and six (IntrA and ExtrA) 
refer to processing on the individual and cultural levels, respectively. Because the cycle is 
continuous, one can enter the cycle anywhere.  
 Lang's semiotic circle has profound implications for reconsidering the role of 
music teaching in the music learning process. Students enter the classroom with an entire 
array of perceptions stemming from lived experience and leave as contributors to the very 
culture that inspired them in the first place. Music teachers occupy the top half of Lang's 
circle and keep the momentum going as students continuously move through the cycle. 
Starting from the same position of IntrO-semiosis and following the cycle through ExtrO-
semiosis, music teachers help students validate and categorize perceptual information 
gathered from everyday life experiences. From there, teachers guide students' mental 
processes as perceptions turn to musical knowledge and skills. Finally, music teachers 
facilitate students' musical expression through performance, composition, and 
improvisation. Students enter the process with a variety of life experiences and 
predilections, necessitating a broad-based approach to accommodate these differences.
196
From a music perspective, IntrO-semiosis, or perception of environmental factors, 
seems to be a logical place to start. Individuals perceive the sounds in their environments. 
These sounds may consist of recorded music from visual and audio media, live 
performances on the street or in religious services, or musical sounds found in nature, 
such as birdsongs or other animal calls. Moving to the 12 o'clock (or IntrA-semiosis) 
position, individuals mentally process these sounds in preparation for imitation, 
performance, or the creation of new sounds. The musical production phase occurs in 
ExtrO-semiosis at the 3 o'clock position, and the greater culture receives and processes 
the individual's musical contribution at the bottom of the circle during ExtrA-semiosis. 
The contribution may influence musical practices of those in the culture and, as a result, 
enrich the musical experiences of others as the cycle continues. Such cultures may consist 
of a single classroom, a community, a country, or even the world.
Some differences encountered in the classroom are neurological and 
neurodevelopmental. Initially coined by autism self-advocate Judy Singer in 1999, the 
term neurodiversity encourages a move away from the medical, or deficit model of 
neurological difference, toward a social model whereby differences are accepted as a 
normal human variation. Since its inception, the framework has expanded to include a 
wide range of neurodevelopmental conditions; however, persons on the autism spectrum 
continue to carry the neurodiversity movement's momentum. Led by a group of persons 
on the autism spectrum, neurodiversity became a 1990s grassroots movement to address 
the dynamics of social power inequalities that occur when persons fall outside the 
dominant social norms of neurocognitive functioning (Chapman, 2019, p. 374). 
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Specifically, Neurodiversity advocates pose that autism is a natural form of being without 
needing to be cured. Additionally, they encourage self-advocacy and personal agency in 
all aspects of autistic life, including education, diagnosis, and treatment (Chapman, 2019; 
Fenton & Krahn, 2007; Walker, 2020). 
 According to Ridout (2017), communication between neurotypical and autistic 
persons presents a considerable challenge and therefore writes, "the autistic voice is not 
silent, but lacks involvement at any level other than that of the observed participant" (p. 
52). She found that evaluative data from various services tended to be ignored and 
dismissed by researchers, service providers, and practitioners--likely because of the 
valuation of some methods more than others. She contended that input from autistic 
persons in these evaluative processes would provide much-needed information necessary 
to improve services and that other studies show that this procedure extends to other 
practices and policies. By dismissing the voices of persons with autism, their identities, 
talents, skills, and desires are left unheard by those performing research or providing 
services that affect them directly. The exclusion of the autistic perspective tends to shift 
practices towards the non-autistic agenda, resulting in an unequal power dynamic 
(Ridout, 2017, p. 53). 
A similar dynamic exists in the field of music education. First, there is an 
apparent gap in the literature of empirical studies regarding the efficacy of teaching 
methodologies for students with ASD. The existing literature consists mainly of 
"anecdotal accounts or thought pieces based on experience" rather than on "systemic data 
collection or analysis" (Jimenez, 2014, p. 26). Second, the voices of persons with autism 
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are conspicuously absent from those accounts. Further investigation may reveal whether 
the practices advocated by those authors have shifted the educational agenda of persons 
with ASD toward that of researchers, teachers, and or parents.  
In summary, the lack of evidence-based instructional practices combined with the 
absence of autistic voices constitutes a need for reform in music education research for 
people with ASD. First, there exists a need to shift the cultural perspective from the 
pathology paradigm to the neurodiversity paradigm (Chapman, 2019). The identities, 
objectives, and skills of persons with ASD will remain hidden as long as we focus on 
what they cannot do rather than what they can do. Second, persons with autism may find 
different perspectives on music, meaning, and music-making than non-autistics. Casual 
assumptions that the mental and cultural processes involved in the development of those 
perspectives mirror those of non-autistics may impede the musical development of 
persons on the spectrum. Third, excluding autistic voices from research and practice may 
cause the agenda to shift away from persons with ASD towards non-autistics, including 
researchers, teachers, parents, or any combination of the three. Finally, until persons with 
ASD can adequately express themselves musically, they may not be able to fully 
contribute to the same musical cultures that inform their music-making. 
Conclusion 
 This study lies at the intersection of three different research continua. First, it 
combines perception and action and the autism literature in that it contributes to 
understanding how typically developing children and children with autism perceive their 
environments. Researchers have spent considerable effort investigating multisensory 
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integration in autism, and this study is part of an expanding body of research regarding 
crossmodal associations both in typically developing children and children with autism. 
Furthermore, this investigation is one of the few empirical studies that explore the 
relationship between gesture and sound.  
 Second, this study links music cognition with a possible application as a music 
instruction modality. The results show that typically developing children and children 
with autism perceive gesture in a similar way. Having children perform the gestures 
themselves strengthens the visual-to-vocomotor relationships that correspond to volume, 
amplitude, duration, pitch, and in some instances, timbre. This study helps to alleviate an 
important gap in the literature of empirical studies linking music cognition and music 
education. Additionally, it is one of the few studies in which the modality is situated 
within the Universal Design for Learning.  
 Finally, this study lies at the pivotal intersection of music education and 
neurodiversity. The use of an autism self-advocate-as-researcher in this study may likely 
inspire the inclusion of self-advocates in future investigations. Additionally, employing a 
self-advocate in research and practice may help keep the educational agenda focused on 
the needs of the children with autism rather than others' perceptions of what those needs 
are. 
 The nexus of these three continua create a constitutive point of departure for 
future empirical studies regarding music education, gesture, and autism. Additionally, the 
study may serve as a launchpad for future empirical investigations doubly situated in the 
philosophy of Universal Design for Learning and an Inclusive Research paradigm. In 
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either case, the study lays the critical groundwork for the next step in music education 
research regarding students with autism. In her poem 598, Emily Dickinson wrote that 
"The Brain - is wider than the Sky-." Although we may still not know exactly how wide 
the brain is or the exact nature of the relationship between "syllable and sound," perhaps 
we now know just a little bit more about those beautiful weights of God (Franklin, 1998).  
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APPENDIX B: INFORMED PARENTAL CONSENT FORM: ASD 
 
Vanderbilt University Institutional Review Board, Boston University Institutional Review Board 
Proposal for Research Using Human Subjects 
Consent Document for Research Study 
 
Principal Investigator: Emelyne Bingham Version Date: August 1, 2016 
Study Title: Cross-modal Integration of Gesture and Sound 
Institutions/Hospital: Vanderbilt University, Boston University 
 
This informed consent document applies to parents of children with Autism Spectrum Disorder. 
 
Name of participant: Age:    
 
The following information is provided to inform you about the research project and your participation in it. Please read this 
form carefully and feel free to ask any questions you may have about this study and the information given below. You will be 
given an opportunity to ask questions, and your questions will be answered. Also, you will be given a copy of this consent 
form. 
 
Your participation in this research study is voluntary. You are also free to withdraw from this study at any time. In the event 
new information becomes available that may affect the risks or benefits associated with this research study or your 
willingness to participate in it, you will be notified so that you can make an informed decision whether or not to continue 
your participation in this study. 
 
1. Purpose of the Study: To explore how neurotypical children and children with Autism Spectrum Disorder (ASD) 
interpret communication through the use of conducting-like gestures. 
 
You are being asked to participate in a research study because your child is neurotypical. Your child can help us 
learn about perceptions of phonomimetic gesture (gestures that look like sound sounds) and its effectiveness as a 
possible teaching strategy in a neuro-diverse music classroom setting. 
 
2. Procedures to be followed and approximate duration of the study: You will be asked to fill out a short 
demographic questionnaire and what kind of musical training, if any, your child has had. Your child will first 
complete a series of tests that measure his/her thinking skills. One of the tests may screen for a behavioral disorder 
known as autism. 
 
. We will then ask your child to watch a series of short videos containing conducting gestures. We will ask him/her to 
say the syllable /dah/ along with the gestures in a way they think best matches the gestures. We may ask them to 
imitate the gestures themselves or alternatively, to look at some funny pictures and ask them to narrate them. Then 
we will ask them to watch the videos again while saying the syllable /dah/. We will make audio recordings of their 
/dah/ responses and will make video recordings of any gestural imitation. None of the audio or video recordings will 
be shared with anyone without your permission. What we learn about your child will not be put into your health 
record or shared with other parties (e.g., relative, boss, school, insurance company, or your doctor). No DNA 
samples will be collected. 
 
This visit will take about 60-90 minutes to complete and will take place at in room 211 of Jesup Hall at Peabody 
College on the campus of Vanderbilt University. You are welcome to stay in the room with your child during the 
experiment. 
 
I give permission for my child to be audio/video recorded for coding purposes only:      ☐Yes      ☐No 
 
3. Expected costs: There are no costs to you or your child associated with your participation in this study. 
 
4. Description of the discomforts, inconveniences, and/or risks that can be reasonably expected as a result of 
participation in this study: Probable inconveniences are time spent in travel to/from Vanderbilt and/or time spent 
participating in the study, and that your child may become bored during the testing. Some of the boredom indicators 
may include but not be limited to yawning, inattentiveness, or complaining. Some of the behavioral tests, however, 
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Vanderbilt University Institutional Review Board, Boston University Institutional Review Board 
Proposal for Research Using Human Subjects 
Consent Document for Research Study 
 
Principal Investigator: Emelyne Bingham Version Date: August 1, 2016 
Study Title: Cross-modal Integration of Gesture and Sound 
Institutions/Hospital: Vanderbilt University, Boston University 
 
5. Unforeseeable risks: There are no foreseeable risks to doing these activities. However, if information regarding 
some unforeseen risk becomes available that might change your willingness to participate, we will notify you 
promptly. 
 
6. Compensation in case of study-related injury: If you are injured because you are in this study, you can get 
reasonable, immediate, and necessary medical care for your injury at Vanderbilt without charge to you. No injury is 
expected. There are no plans for Vanderbilt to pay for the costs of care beyond injury, or to give you money for such 
injury. 
 
7. Good effects that might result from this study: 
 
a. The benefits to science and humankind that might result from this study. We hope to learn more about children’s 
perceptions of gesture and sound. This information may be helpful to us in developing new teaching strategies for 
neurotypical children and children with ASD. 
 
b. The benefits your child might get from being in this study. There may be no direct benefit to your child for 
participating. The potential benefits to you from this study are valuable information at no cost to you regarding your 
child’s music and gestural skills. 
 
8. Alternative treatments available: n/a 
 
9. Compensation for participation: Your child will receive a $10 Target gift card and a toy to compensate you for 
your time and effort. We may ask you for your Social Security number and address before you are compensated for 
taking part in this study. 
 
10. Circumstances under which the Principal Investigator may withdraw you from study participation: We can 
stop your child’s participation in the study at any time without your consent if the study appears to be harmful to 
your child. Your child may also be withdrawn from the study if you or your child do not follow directions for 
participating, do not meet study requirements, if the study is cancelled, or for administrative purposes. We do not 
expect your child to be distressed during the testing. However, if your child cries or refuses to participate for 3 
minutes, we will take a break. If when we begin again, he or she still does not want to participate, we will ask 
whether you want to stop the procedure. We can reschedule if you wish, or you may withdraw from the study. 
 
11. What happens if you choose to withdraw from study participation: Nothing bad will happen to you or your 
child if you withdraw from the study. You can withdraw from the study at any time by telling the researchers that 
you no longer wish to participate or by contacting Emelyne Bingham by email e.bingham@vanderbilt.edu or by 
phone 615-322-4924. 
 
12. Contact Information. If you should have any questions about this research study, please feel free to contact 
Emelyne Bingham at 615-322-4924. For additional information about giving consent or your rights as a participant 
in this study, to discuss problems, concerns, and questions, or to offer input, please feel free to contact the 
Vanderbilt University Institutional Review Board Office at (615) 322-2918 or (866) 224-8273, or the Boston 
University Institutional Review Board Office at (617) 358-6115. 
 
13. Confidentiality: All efforts, within reason, will be made to keep your personal information in your research record 
confidential but total confidentiality cannot be guaranteed. All paper, digital records and voice recordings are kept in 
a locked office that only research staff has access to. Digital records are kept on a secure computer/database and are 
deleted 5 years after study completion. All records are identified with codes, not names. The list showing the 
correspondence of codes and names is kept in the project director’s office and is accessible only to her. 
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Vanderbilt University Institutional Review Board, Boston University Institutional Review Board 
Proposal for Research Using Human Subjects 
Consent Document for Research Study 
Principal Investigator: Emelyne Bingham Version Date: August 1, 2016 
Study Title: Cross-modal Integration of Gesture and Sound 
Institutions/Hospital: Vanderbilt University, Boston University 
14. Privacy: Your information may be shared with either university or the government, such as the Vanderbilt 
University Institutional Review Board, Boston University Institutional Review Board, Federal Government Office 
for Human Research Protections, National Institutes of Health, and Representatives of the Vanderbilt Kennedy 
Center, if you or someone else is in danger or if we are required to do so by law. 
STATEMENT BY PERSON AGREEING TO PARTICIPATE IN THIS STUDY 
I have read this informed consent document and the material contained in it has been explained to me 
verbally. All my questions have been answered, and I freely and voluntarily choose to participate. 
  
Date Signature of Volunteer 
Consent obtained by:    
Signature Printed name and title 
Date of assent:    
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Vanderbilt University Institutional Review Board, Boston University Institutional Review Board 
Proposal for Research Using Human Subjects 
Consent Document for Research Study 
 
 
Principal Investigator: Emelyne Bingham Version Date: August 1, 2016 
Study Title: Cross-modal Integration of Gesture and Sound 
Institutions/Hospital: Vanderbilt University, Boston University 
 
This informed consent document applies to parents of neurotypical children. 
Name of participant: Age:    
 
The following information is provided to inform you about the research project and your participation in it. Please read this 
form carefully and feel free to ask any questions you may have about this study and the information given below. You will be 
given an opportunity to ask questions, and your questions will be answered. Also, you will be given a copy of this consent 
form. 
 
Your participation in this research study is voluntary. You are also free to withdraw from this study at any time. In the event 
new information becomes available that may affect the risks or benefits associated with this research study or your 
willingness to participate in it, you will be notified so that you can make an informed decision whether or not to continue 
your participation in this study. 
 
1. Purpose of the Study: To explore how neurotypical children and children with Autism Spectrum Disorder (ASD) 
interpret communication through the use of conducting-like gestures. 
 
You are being asked to participate in a research study because your child is neurotypical. Your child can help us 
learn about perceptions of phonomimetic gesture (gestures that look like sound sounds) and its effectiveness as a 
possible teaching strategy in a neuro-diverse music classroom setting. 
2. Procedures to be followed and approximate duration of the study: You will be asked to fill out a short 
demographic questionnaire and what kind of musical training, if any, your child has had. Your child will first 
complete a series of tests that measure his/her thinking skills. One of the tests may screen for a behavioral disorder 
known as autism. 
 
We will then ask your child to watch a series of short videos containing conducting gestures. We will ask him/her to 
say the syllable /dah/ along with the gestures in a way they think best matches the gestures. We may ask them to 
imitate the gestures themselves or alternatively, to look at some funny pictures and ask them to narrate them. Then 
we will ask them to watch the videos again while saying the syllable /dah/. We will make audio recordings of their 
/dah/ responses and will make video recordings of any gestural imitation. None of the audio or video recordings will 
be shared with anyone without your permission. What we learn about your child will not be put into your health 
record or shared with other parties (e.g., relative, boss, school, insurance company, or your doctor). No DNA 
samples will be collected. 
 
I give permission for my child to be audio/video recorded for coding purposes only: ☐Yes ☐No 
 
This visit will take about 60-90 minutes to complete and will take place at in room 211 of Jesup Hall at Peabody 
College on the campus of Vanderbilt University. You are welcome to stay in the room with your child during the 
experiment. 
 
3. Expected costs: There are no costs to you or your child associated with your participation in this study. 
 
4. Description of the discomforts, inconveniences, and/or risks that can be reasonably expected as a result of 
participation in this study: Probable inconveniences are time spent in travel to/from Vanderbilt and/or time spent 
participating in the study, and that your child may become bored during the testing. Some of the boredom indicators 
may include but not be limited to yawning, inattentiveness, or complaining. Some of the behavioral tests, however, 
will be similar to school activities and may even be fun for your child. 
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5. Unforeseeable risks: There are no foreseeable risks to doing these activities. However, if information regarding 
some unforeseen risk becomes available that might change your willingness to participate, we will notify you 
promptly. 
6. Compensation in case of study-related injury: If you are injured because you are in this study, you can get 
reasonable, immediate, and necessary medical care for your injury at Vanderbilt without charge to you. No injury is 
expected. There are no plans for Vanderbilt to pay for the costs of care beyond injury, or to give you money for such 
injury. 
7. Good effects that might result from this study: 
a. The benefits to science and humankind that might result from this study. We hope to learn more about children’s 
perceptions of gesture and sound. This information may be helpful to us in developing new teaching strategies for 
neurotypical children and children with ASD. 
b. The benefits you might get from being in this study. There may be no direct benefit to you for participating. The 
potential benefits to you from this study are valuable information at no cost to you regarding your child’s music and 
gestural skills. 
8. Alternative treatments available: n/a 
9. Compensation for participation: Your child will receive a $10 Target gift card and a toy to compensate you for 
your time and effort. We may ask you for your Social Security number and address before you are compensated for 
taking part in this study. 
10. Circumstances under which the Principal Investigator may withdraw you from study participation: We can 
stop your child’s participation in the study at any time without your consent if the study appears to be harmful to 
your child. You many also be withdrawn from the study if you or your child do not follow directions for 
participating, do not meet study requirements, if the study is cancelled, or for administrative purposes. We do not 
expect your child to be distressed during the testing. However, if your child cries or refuses to participate for 3 
minutes, we will take a break. If when we begin again, he or she still does not want to participate, we will ask 
whether you want to stop the procedure. We can reschedule if you wish, or you may withdraw from the study. 
11. What happens if you choose to withdraw from study participation: Nothing bad will happen to you or your 
child if you withdraw from the study. You can withdraw from the study at any time by telling the researchers that 
you no longer wish to participate or by contacting Emelyne Bingham by email e.bingham@vanderbilt.edu or by 
phone 615-322-4924. 
12. Contact Information. If you should have any questions about this research study, please feel free to contact 
Emelyne Bingham at 615-322-4924. For additional information about giving consent or your rights as a participant 
in this study, to discuss problems, concerns, and questions, or to offer input, please feel free to contact the 
Vanderbilt University Institutional Review Board Office at (615) 322-2918 or (866) 224-8273, or the Boston 
University Institutional Review Board Office at (617) 358-6115. 
13. Confidentiality: All efforts, within reason, will be made to keep your personal information in your research record 
confidential but total confidentiality cannot be guaranteed. All paper, digital records and voice recordings are kept in 
a locked office that only research staff has access to. Digital records are kept on a secure computer/database and are 
deleted 5 years after study completion. All records are identified with codes, not names. The list showing the 
correspondence of codes and names is kept in the project director’s office and is accessible only to her. 
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Institutions/Hospital: Vanderbilt University, Boston University 
14. Privacy: Your information may be shared with either university or the government, such as the Vanderbilt 
University Institutional Review Board, Boston University Institutional Review Board, Federal Government Office 
for Human Research Protections, National Institutes of Health, and Representatives of the Vanderbilt Kennedy 
Center, if you or someone else is in danger or if we are required to do so by law. 
STATEMENT BY PERSON AGREEING TO PARTICIPATE IN THIS STUDY 
I have read this informed consent document and the material contained in it has been explained to me 
verbally. All my questions have been answered, and I freely and voluntarily choose to participate. 
  
Date Signature of Volunteer 
Consent obtained by:    
Signature Printed name and title 
Date of assent:    
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